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PART I - THEORY OP OPERATION 

PREFACE 

This manual is designed to clarify the internal logic and circuitry of the G-15. 
It presents both theory of operation (Part I) and simplified drawings (Part II) 
to illustrate the reasoning behind the circuits. 

While the material presented assumes some familiarity with the G-15 as well 
as knowledge of Binary Arithmetic and Boolean Algebra, outlines of fundamental 
operations are provided in the APPENDIX, along with two fundamental test 
routines. 
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SECTION A 



FUNDAMENTAL CIRCUITS 



This section is devoted to the fundamental 
circuits which constitute the "building 
blocks" of which the G-15D is composed. It 
is suggested that the reader thoroughly di- 
gest this section prior to proceeding further, 
for in the sections to follow an understanding 
of these circuits is taken for granted. 
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'OR" GATES 



A-la An OR gate is a device for the purpose of yielding a high 
output signal if any of its input terms are high. Symbolically an OR 
gate is represented as shown: 



A 
B 
C 



-*- A+B4C 



schematically: 



A 
B 
C 






-»- A+B+C 



"PULL- DOWN" res. 
- 560k or 430k 



-160V 



A-lb Considering the connection of the diodes, the input terms are 
isolated from one another by diode back resistance. The common connect- 
ion of the diodes will yield an output which, for all practical purposes, 
is short-circuited to the input term having the highest potential. Assum- 
ing the inputs are (individually) either at -20V or OV, the output should 
be at the highest input potential. That is, if one or more input terms 
reach OV the output will reach OV; if none are above -20V, the output will 
be at -20V. The loading resistance to -160V is known as the PULL-DOWN 
resistor; its function is to "pull" the output potential "down", while 
the input terms pull it up. 

A-lc Should only one input term be high (OV) , its diode must handle 
all of the current required to drop 160V across the PULL- DOWN resistor. 
The other diodes will be "biased off"; however, a certain amount of re- 
verse current will exist in the "biased off" diodes. This will be a 
function of the reverse voltage applied (-20V) and the back resistance 
of each diode. As the number of terms entering an OR gate is increased, 
the back current loading problem increases. For this reason a limit is 
placed on how many terms can feed one OR gate. If more than the allowable 
limit is to be exceeded, a series of OR gates may be employed to relieve 
the problem. For example, if nine terms are to feed an OR gate, the 
following arrangement can be used: 



A 
B 
C 

D 

E 
F 

G 
H 
I 





A+B4C 
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D+E+F 


















G+ftfl 



























A+B+C+D+E+F+G+H+I 
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A-ld Logically, the function is identical to that of a single nine- 
term OR gate. Although the total forward resistance may be increased by 
a trivial amount, the back resistance loading problem is substantially 
reduced. Drawing #3D293 illustrates the distribution of diodes compris- 
ing the "EB", which is a multi-term OR gate. 

A-le Dynamic properties: If an OR gate is fed by a square-wave, and 
the output is loaded by distributed capacitance to ground, the output 
signal will rise (from -20V to OV) quite rapidly since the capacitance will 
discharge through the forward resistance of the active diode; however, when 
the output signal drops, the capacitance must charge through the PULL-DOWN 
resistor, which has a relatively high value. Hence, the decay time of the 
TRAILING EDGE of an OR gate's output signal is liable to be SLOW. 

A-lf Cathode-follower OR gates: Cathode- followers may be used in the 
construction of an OR gate as follows: 



+100V 



+100V 

A 



n . r 



A+B 



LOADING res. 
(usually 15k) 

-160V 

This circuit is advantageous in that (1) loading of the inputs is light, 
(2) inputs are isolated from the output, and (3) the circuit supplies a 
power boost to the output term. Only a few such gates exist in the G-15D. 
One such circuit may be seen on Drawing #3D293 - see "EB". (Cathode- 
follower OR gates are sometimes referred to as "FAST 'OR' GATES" since 
they do not suffer from the phenomenon described in section A-le.) 



"AND" GATES 



A-2a An AND gate is a logical circuit for the purpose of yielding 
a high output only if all of its input terms are high. Symbolically, an 
AND gate is illustrated as follows: 



A 
B 
C 



-*• A-B-C 



schematically: 
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A 
B 
C 



M- 



+100V 



"PULL-UP" res. 
- 110k 



A-B-C 



A-2b The output is virtually short-circuited to the lowest input term. 

Therefore, only if all inputs are high (OV) will the output be high. The 

loading resistor is known as the PULL-UP resistor; its function is to "pull" 
the output potential "up", while the input terms pull it down. 

A-2c As in the case of an OR gate, the input terms are isolated from 
one another by diode back resistance; also, a single AND gate with an ex- 
cessive number of input terms will yield a significant back resistance 
loading problem. Splitting multi-term AND gates as shown below will relieve 
the back resistance problem (similar to the OR gate case) without altering 
the logic of the circuit: 




A-B-C 



D-E-F 



G-H-I 



-?- A-B-C-D-E-F-G-H-I 



A-2d Dynamic properties: If an AND gate is fed by a square-wave, 
and the output is loaded by distributed capacitance to ground, the output 
will rise (from -20V to 0V) by virtue of the capacitance discharging 
through the PULL-UP resistor; therefore, the rise time of the LEADING 
EDGE of an AND gate's output is liable to be SLOW . The trailing edge 
(decline from OV to -20V) will be rapid since the capacitance will charge 
through the forward resistance of the active diode. (In some cases, to 
reduce rise time, PULL-UP resistors have been shunted by "FREE RESISTORS", 
which are 110k and 150k resistors to +100V and are available in Dl and 
D2 packages . ) 

AND GATES and OR GATES - COUPLING 



A- 3a OR gates and AND gates may be connected to one another subject to 
the following major restriction: It is permissible for an AND gate to feed 
an OR gate directly; however, an OR gate may not feed an AND gate without 
an intervening stage of isolation. (A CATHODE- FOLLOWER or BUFFER- INVERTER 
can supply the necessary isolation.) 



A- 3b The reason for this restriction may be attributed to the fact 
that an OR gate (with or without PULL-DOWN resistor - ref . A-lOa) is 
unable to carry enough current to drop 120V across the 110k PULL-UP 
resistor in the AND gate; consequently the OR gate cannot render the 
AND gate's output equal to -20V when the logic calls for such a case. 
Ohm's law will prove the point. 

A-3c As an example, the circuit below should yield (A+B)«C, but 
will actually yield C since the (A+B) combination cannot disqualify the 
AND gate. 



A 
B 



1 



(loses control) 



& 



-*- should = (A+B)-C, 
but will - C 



a satisfactory alternative circuit is: 




*■ A-C + B-C - (A+B)-C 



CATHODE- FOLLOWERS 



A-4a 



A CATHODE- FOLLOWER is symbolically noted as follows: 



A 



O 



-*- A 



(Schematic on dwg. 13) 



A-4b Cathode Followers serve no purpose as far as logic is concerned. 
They handle certain technicalities in the electronics. The proposition of 
an OR gate feeding an AND gate (above) is one example. They are installed 
whenever necessary for purposes such as the following: 

1) Isolation (hi Z in, lo Z out) . 

2) Power boost 

a) Resistive loads 

b) Reactive loads (i.e. preservation of wave shape when dis- 
tributed capacitance loading is heavy) . 



3) Addition of constant voltage to input. 
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A-4c The CATHODE -FOLLOWER circuits available in the packages provide 
loading flexibility in some cases . These cases provide optional amounts 
of cathode loading resistance within the CATHODE- FOLLOWER package itself, 
allowing a variety of loads. The grid circuits also provide a degree of 
flexibility in some cases. 

Note that the grid return resistances in the packages involve 
voltage dividers . The reason for this is to render the grid potential 
-92V (instead of -160V), in the event of removal of the package supplying the 
input signal. This will prevent the cathode from approaching -160V which 
could result in (1) exceeding the filament-to-cathode voltage rating of 
the tube (filaments are returned to -55VDC), and (2) applying excessive 
inverse voltage to diodes controlled by the cathode- follower. 



BUFFER- INVERTER 



A- 5a A BUFFER- INVERTER is symbolically noted as follows: 



TRUE output " "--^ "^ **"" 2 FALSE output 

TRUE side S ** O NlJ "* 2 FALSE side 

If 

INPUT S ^ (Schematics on dwgs. 7, 13) 



A-5b A BUFFER- INVERTER is a follower. Its true output "A" follows 
the input "A". The false output "A" is the exact opposite of "A" (i.e. 
"A" is. "A" inverted, hence the term "inverter"). 

A-5c The outputs are clamped at -20V or OV and are capable of feeding 
several loads. Furthermore, loading of the outputs does not affect the 
input (hence the term "buffer") . 

A-5d Refer to Drawing 7 (left), BUFFER- INVERTER schematic: The first 
inverter (V3A) receives the input signal "A" at pin 2. This signal should 
be at OV, -20V, or in transition - subject to integration. The plate 
output should yield a potential at the grid of the next inverter (V2A) 
such that it will either be cut off or fully conducting. C5 and C7 both 
contribute to high frequency peaking to compensate for possible integration 
suffered by the incoming signal (V3A, pin 2) due to distributed capacitance. 
This peaking results in rapid transit time in the output current of V2A 
(and V3B), effectively "cleaning up" the leading and trailing edges of the 
incoming signal, hence synthesizing its ideal shape. 

Ar5e The V2A and V3B plate circuits are completed by components lo- 
cated in DIODE CLAMP package. A schematic of such a package is shown on 



Drawing 12. This packaging system keeps the diodes physically separated 
from the heat-producing components in the BUFFER- INVERTER package. 

A-5f When V2A conducts, its plate will be low consequently cutting off 
V3B; conversely, if V2A is cut off, its plate will be high causing V3B to 
conduct. _ Output pin D will yield the TRUE output "A" - pin C the FALSE 
output "A". Normally either V2A or V3B (but not both) will conduct provid- 
ing a potential of approximately -121V to their common cathode connection; 
C2 holds this potential during transitions. 

A-5g The DIODE CLAMP circuit terminating the B2A and V3B plate cir- 
cuits assure that output pins D and C will be clamped either at -20V or 
OV. Loading of the outputs should only serve to add to or subtract from 
the clamping current. Overloading of these outputs can prevent clamping 
current, resulting in instability. Low emission triodes can also result 
in inadequate current for loading and/or clamping. 



FLIP-FLOP 



A-6a A FLIP-FLOP is symbolically noted as follows: 



TRUE output 

TRUE side 

SET term 

Ag A r 

(Schematics on dwgs . 7, 13) 

A-6b A FLIP-FLOP is an ELECTRONIC SWITCH consisting of two D.C. 
inverters and a trigger circuit. It has two stable states known as SET 
and RESET. SET is the state in which the TRUE OUTPUT (striped side of 
symbol) is high (OV) while the FALSE OUTPUT is low (-20V). RESET is the 
state in which the FALSE OUTPUT is high (OV) and the TRUE OUTPUT is low 
(-20V) . The SET STATE results from the application of a SET TERM, while 
the RESET STATE results from the application of a RESET TERM. The FLIP- 
FLOP once rendered in one of its two stable states (SET or RESET) will 
remain in that state until caused to change by an input term calling for 
a change in state. 

A-6c Drawing 7 (right) shows a schematic of a complete FLIP-FLOP 
circuit. It can be seen that, with the exception of the NEON SERIES 
RESISTOR, the two inverters are drawn as mirror-images of each other and 
that each one feeds the other. 
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A-6d Normally, one tube will be conducting, thereby holding the other 
cut off. If VIA is conducting, it will hold VlB cut off maintaining the SET 
state of the FLIP-FLOP. VIA, by conducting, will render the FALSE output 
(pin T) low (-20V), while VlB, by not conducting, will allow the TRUE OUT- 
PUT (pin S) to be high (OV). If the above state were reversed, the FLIP- 
FLOP would be in the RESET state. 

A-6e To bring about a change in state, the conducting tube will be 
driven into cut-off by a negative trigger signal. This will cause a rise 
in its plate voltage which will turn the non-conducting tube on; this, in 
turn, will hold the previously conducting tube cut off. This establishes 
the new stable state in which the FLIP-FLOP will remain until another trig- 
ger signal, applied to the opposite side, causes it to change. 

A-6f The trigger circuit consists of two identical gates: one for SET 
and the other for RESET. CLOCK is applied to both, CLOCK consisting of 
negative pulses of short duration (.3 - .5 microseconds) appearing at 9.3 
microsecond intervals. The CLOCK line is normally at OV, but reaches -13V 
during a CLOCK pulse. CLOCK is the synchronizing signal that causes the 
FLIP-FLOP to be SET or RESET depending upon logical presence or absence of 
the SET TERM or RESET TERM. 

A-6g Consider now the RESET circuit. If the RESET TERM is logically 
absent (at -20V), CLOCK is decoupled from C3 by virtue of the back resis- 
tance of CRl, which will be "baised off." In consequence no negative pip 
should be coupled through C3 to the grid of VIA. On the other hand, if 
the RESET TERM were to be logically present (at OV) at CLOCK pulse time, 
electrons would be transmitted through CRl's forward resistance into the 
bottom plate of C3 and to R5, which acts as a load resistance. Discharge 
of electrons from the top plate of C3 causes a negative -going "reset pulse" 
at the grid of VIA; this will cut VIA off. 

A-6h Regenerative action takes over as VlA's current drops: VlA's 
plate voltage rises, turning on VlB. VLB's plate voltage drops, cutting 
off VIA, which is the triode which the "reset pulse" was cutting off in 
the first place. Cl and C2 accelerate the transition. The FLIP-FLOP will 
remain in this new state until VlB is cut off by a "set pulse." 

A-6i Whenever a FLIP-FLOP experiences a change in state, the charges 
on Cl, C2, C3, and C4 will change. Until these charges are almost stabi- 
lized, the FLIP-FLOP will not be receptive to further trigger pulses were 
they to occur in rapid succession. Ample time is available for this stabi- 
lization since CLOCK pulses, available for trigger, occur at 9.3 microsecond 
intervals (i.e. rep. rate = 108 kc.) 

A-6j Drawing 7 indicates by waveform that when a CLOCK pulse is concur- 
rent with the leading edge of the RESET TERM, the diode (CRl) will remain 
"baised-off ." Even if the RESET TERM has a steep leading edge this will 
hold true. The potential at the top of the diode is the controlling poten- 
tial. This potential will not rise instantly when a square-wave RESET TERM 
appears since C3 requires time to charge, with R5 (33k) limiting charge cur- 
rent. R5 and C3 then, constitute an integrating circuit in which high fre- 
quency components are dropped across R5. Hence, when CLOCK and the leading 



edge of a RESET TERM are concurrent, CRl will remain "baised-off" during the 
first CLOCK pulse and the "reset pulse" will not appear until the next CLOCK 
pulse. 

A-6k Should the trailing edge of a RESET TERM and CLOCK be concurrent 

the same reasoning holds true. As the RESET TERM drops. C3 will maintain a 

qualifying potential at the top of CRl sufficiently long to permit CLOCK to 
be transmitted through the diode. 

A-61 The RESET TERM itself does not appear to any significant extent at 
the grid of VIA. The high frequency components of the RESET TERM signal are 
dropped across R5, while the low frequency components are dropped across C3. 
If VIA and VlB were removed from the circuit and CLOCK were to be decoupled, 
the RESET TERM would appear at VlA-pin 2 as a small positive-going signal at 
leading-edge time and a small negative -going signal at trailing edge time. 
Neither of these are of any consequence unless marginal conditions exist in 
the circuit when operating with a weak tube. In such cases, the only mal- 
function would be a function of the leading-edge of a RESET TERM applied the 
FLIP-FLOP when it is already in the RESET state. The positive-going signal 
remnant at VlA-pin 2 could cause VIA to conduct; this could result in SET- 
TING the FLIP-FLOP. This would only occur when VlB is weak and is unable to 
hold VIA cut off with an adequate safety margin. 

A-6m Obviously the analysis of the RESET circuit applies also to the 
SET circuit since they are identical. 

A-6n The example in the lower right section of Drawing 7 indicates FLIP- 
FLOP reaction to SET and RESET terms. 

A-6o FLIP-FLOP SUMMARY: A FLIP-FLOP is an electronic switch which may 
be SET or RESET by means of CLOCK, which can be gated by the SET or RESET 
TERMS. Transition can take place only at CLOCK time. If a CLOCK pulse 
occurs at the instant a SET or RESET TERM begins to rise, it will be the 
following CLOCK pulse that causes transition. Also, a CLOCK pulse coinci- 
dent with the beginning of the decline of a SET or RESET TERM will still 
consider that term high. If the SET TERM occurs during one pulse period, 
the TRUE OUTPUT of the FLIP-FLOP will not be high until the next pulse per- 
iod. Similarly, if the RESET TERM occurs during one pulse period the FALSE 
OUTPUT of the FLIP-FLOP will not be high until the next pulse period. 

MEMORY LINES (Ref. Drawing 9) 

A-7a The recirculating memory line is the storage device used in the 
G-15D memory. It consists essentially of a writing station, a time delay, 
a reading station, and a means of regeneration of information (subject to 
external control). 

A-7b Normal operation of a memory line is recirculation (i.e., infor- 
mation, once written in the line, will remain in the line unchanged and be 
revealed at the reading station periodically.) Drawing 9 is the schematic 
of Memory Line #2 which will be used as an example. The line is shown sym- 
bolically in the lower left-hand corner in the form it would be found on 
the "D-SIZED PRINTS." 



10 



A-7c The object of this discussion is to trace the writing of one bit of 
information through a recirculation cycle. 

A-7d To begin, to write a ONE, a 2 microsecond WRITE PULSE is coupled to 
the writing pentode's control grid. This will cause flux in the write head 
(upper right) and will consequently influence the magnetic drum surface 
passing under its gap at the time. This magnetic surface approaching the 
write head is erased by a permanent magnet mounted on the drum shroud. The 
erasure represents ZERO; writing a ONE on the erased surface causes a dis- 
tortion of the regular flux pattern of the surface. (Writing a ZERO in- 
volves no writing at all, hence no flux distortion.) 

A-7e The recorded element is carried by the drum surface past a reading 
head after a delay determined by the peripheral speed of the drum and the 
spacing between the writing and reading heads. When the flux irregularity 
(resulting from writing the ONE) passes under the gap of the reading head, 
the reading head flux, normally constant, reverses and then returns to normal. 
This flux change induces an EMF resembling a sine wave in the reading head 
coil. 

A-7f One end of the read head coil is grounded such that the floating end 
yields a sine wave, the trailing peak of which is positive. Resistance load- 
ing of the coil is accomplished in the PREAMPLIFIER CHASSIS and may be varied 
from 2.2k to 12.2k by a screwdriver adjustment. This is adjusted to minimize 
ring effect and to shunt the signal to obtain a normal level (500 rav. approx.). 
This is a factory adjustment and should not require attention unless the assoc- 
iated head is replaced. 

A-7g At this point, the signal requires amplification, a matter which is 
accomplished in a convential plate-loaded, RC-coupled amplifier employing 
low loading resistance for good high frequency response. The output is 
cathode- follower driven out of the PREAMPLIFIER CHASSIS into a READ AMPLIFIER 
package where monitoring of the signal takes place. 

A-7h The first step in the READ AMPLIFIER is to amplify, rectify, then 
amplify the incoming sine wave to produce a half sine wave of sizable swing 
for each detected ONE. 

A-7i The first operation in amplification is to terminate the cathode 
follower with a step up (1:4) transformer. (The .27 mfd and 120 ohm com- 
bination in the primary circuit is to prevent peak clipping without intro- 
ducing degeneration and can be considered a biasing requirement.) 

A-7j The secondary of the step-up transformer constitutes the input to 
a "bootstrap" amplifier, which in this case is an over-biased cathode- loaded 
amplifier. The purpose of the amplifier is to amplify the positive portion 
of the input wave, without phase inversion. Response is controlled by return- 
ing the transformer secondary to a potentiometer in the cathode circuit. This 
adjustment controls: (1) the amount of degeneration, hence gain, and (2) the 
static bias on the stage, hence sampling level. It is normally adjusted to 
yield signals reaching the -50v level at test point K. This potentio- 
meter may occasionally require adjustment to compensate for changing para- 
meters elsewhere in the read-write circuit. 
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A-7k At this point, the half sine waves are probed by READ CLOCK which 
is applied to the cathode of a flip-flop trigger tube. In the event of 
coincidence between READ CLOCK and a ONE waveform, the trigger triode will 
conduct, setting the READING FLIP-FLOP to ONE. When the trigger triode con- 
ducts, grid current is inevitable; this is limited by a 2.2k grid resistor. 
The 15 mmf. grid-to-ground capacitance counteracts the degenerative effect 
on the positive going grid signal by the negative going cathode and plate 
signals. READ CLOCK is obliged to supply grid and plate current to all trigger 
tubes. This accounts for relatively high peak power requirements of the 
READ CLOCK pulse driver (Ref. B-3g) . Since this grid current load will only 
present itself when a line yields a ONE, the total load will be a function 
of the memory contents. 

A-71 Approximately 8.3 microseconds after the ONE bit has been stored 
in the READING FLIP-FLOP, CLOCK unconditionally resets it to ZERO. The flip- 
flop's ONE output is coupled via gates in the DIODE 3 (D3) package to the 
WRITE AMP package if the line is recirculating. (Heavy lines in the DIODE 3 
package show recirculation path.) 

A-7m The first item in the WRITE AMP is a cathode-follower which permits 
the output of the OR gate in the DIODE 3 package to feed the AND gate feed- 
ing a power pentode (Ref. A-3, A-4). 

A-7n For the last two microseconds prior to resetting the READING FLIP- 
FLOP to ZERO, the AND gate in the WRITE AMPLIFIER was qualified by WRITE 
PULSE. This causes the writing pentode to conduct for two microseconds 
through the write head, rewriting the original ONE. Had the read head 
"detected" a ZERO (absence of a ONE), no writing would have taken place, 
effectively recirculating the ZERO. 

A-7o Needless to say, prior to the leading edge of the WRITE PULSE, the 
ONE output of the READING FLIP-FLOP should have risen to OV. This allows 
6.3 microseconds for rise time. (This 6.3 microsecond rise time require- 
ment factor applies to most signals in the computer and accounts for many 
CATHODE -FOLLOWERS and resistance-loading of certain circuits - such as AND 
gates. Decay time is equally important but usually not as critical as rise 
time.) 

A-7p It can be seen that the READING FLIP-FLOP activity depends upon 
CLOCK for reset and READ CLOCK for set. These pulses synchronize all 
memory lines with a standard timing reference. WRITE PULSE synchronizes 
the writing. These pulses are shown on the top of Drawing 6 in approximate 
terms; their formation is described in Sec. B-3. 

A-7q The spacing between read and write heads is governed by the capacity 
of the particular memory line. In the case of a long memory line, the delay 
in the line is such that from the time a ONE is written until the time it is 
rewritten, 3132 (i.e., 108 x 29) pulse periods will elapse. This allows 
3132 different bits to be read and rewritten within a recirculation cycle. 

A-7r The short lines have shorter delays as follows: 116 pulse periods, 
58 pulse periods, and 29 pulse periods. The spacing from read head to 
write head is known as the TANGENTIAL adjustment. It is made at the factory 
and should not require any further adjustment. As long as READ CLOCK probes 
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the reading wave at its peak (test pt. K), the adjustment is satisfactory. 
Misadjustment would be revealed in misphasing of these two signals. CUSTOMER 
ENGINEERING should be consulted for adjustment details. It is unwise to 
attempt head adjustment without being well informed as to procedure. Acci- 
dental damage to a track could require replacement of the drum. 

A-7s Another adjustment of the heads is RADIAL adjustment. This should 
render head (gap) to drum surface spacing equal to 1 mil. (for both read 
and write heads.) Proper spacing is essential for good resolution and 
signal-to-noise ratio. This too is a factory adjustment. Only in the case 
of subnormal reading waves (not attributable to failing electronic components) 
should RADIAL adjustment be considered. As in the case of TANGENTIAL adjust- 
ment, CUSTOMER ENGINEERING should be consulted. 

A-7t Noise mentioned above is insignificant compared to the amplitude of 
a legitimate ONE being read since it is normally well below the sampling 
level in the READING FLIP-FLOP trigger stage. The worst noise element will 
result from crosstalk (magnetic coupling) between the write and read heads of 
a line. This interference is at its worst in the short (29 bit) memory lines. 

A-7u Another factor which may cause deviation from optimal memory line 
functioning is the result of head misadjustment due to thermal effects. 
Therefore, if the drum is cold, a line may operate with reduced safety mar- 
gins. Only a line already in need of maintenance would fail due to this 
effect. If any memory line adjustments are to be made, it should be done 
when the drum has reached its normal operating temperature. 

MEMORY LINES: READ- OUT, READ- IN FUNCTIONS 

A-7v READ- OUT: When information is to be read out of a line, the READ 
FLIP-FLOP output is coupled to an external circuit by an AND gate qualified 
by the desired terms. In the case of MEMORY LINE 2 (Drawing 9, lower left), 
M2 reaches EB if qualifying terms SW and SO are both high. Read-out does not 
disturb the contents of the source line. 

A-7w READ- IN: When information is to be read into a line from an external 
source, two operations are necessary: (1) allow the new information to 
reach the writing circuit, and (2) simultaneously block the recirculation 
path of the old information. 

A-7x Item (1) is handled by qualifying an AND gate to which the new 
information is applied. In LINE 2 (Drawing 9) terms DO and DW permit LB 
to be written. Item (2) is handled by blocking the gates which allow the 
READ FLIP-FLOP output to re ach th e writing station. If LINE 2 is selected 
as destination, both DO and TR-DW will be low at the appropriate time. 

A-7y Some special purpose memory lines may deviate from this pattern and 
will be discussed later. Needless to say, all READ-IN - READ-OUT activities 
are appropriately synchronized by control circuits. 

THE MEMORY 

A-8a The DRUM MEMORY is composed of many recirculating memory lines 
such as the one just described. These lines can differ from one another 
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as follows: 

1) Capacity 

2) Writing control 

a) Recirculation gating 

b) Method of writing new information 

A-8b The MEMORY consists of: 

21 long lines - 3132 bits (108 words) - Lines 00-19, and CN 

5 short lines - 116 bits ( 4 words) - Lines 20-23, and MZ 

3 short lines - 58 bits ( 2 words) - ID, MQ, PN 

2 short lines - 29 bits ( 1 word) - AR, CM 

A-8c Three of the above are not directly available to the programmer 
since they are for the benefit of internal computer functions. These are 
CN, MZ and CM. In addition to the recirculating lines mentioned above there 
are three permanently recorded (non-recirculating) lines known as CLOCK TRACK 
SPARE CLOCK TRACK, and TIMING TRACK (TM) . These are for timing purposes and 
are discussed in Sections B-3a and B-5a. 

A-8d Physically, the short memory lines are sandwiched in between the 
read heads and erase magnet of the long lines as illustrated on Drawing 8. 

A-8e Memory line specifications: 

pulse period =9.3 microseconds 
packing density = 90 bits /inch 
read-record mode - RETURN TO ZERO 
maximum access time =28.5 milliseconds 

PHYSICAL LOCATION OF LOGICAL CIRCUITS 

A-9a The fundamental circuits mentioned in the preceding sections 
(with the exception of READ PREAMPS) are physically located in standard 
packages distributed about the logic panels of the computer and are inter- 
connected by appropriate inter-package wiring. The package schematics may 
be found on Drawings 11, 12 and 13. Drawing 10 provides an index of informa- 
tion pertaining to all packages. 

A-9b The detailed logical block diagrams ("D-SIZED PRINTS") provide infor- 
mation relating to package locations and package jack pin-connections. Draw- 
ing 9 (MEMORY LINE 2) provides an example of a detailed logical block 
(lower left) and the schematic components and packages it represents. Package 
locations are designated by coordinates, a letter and a number, which are 
printed on the jack side of the logic panels themselves. 

A-9c Common sense should render the notations self-explanatory with the 
exception perhaps of CLAMP PACKAGE locations. CLAMP PACKAGES are not shown 
on any block diagrams, but a notation external to the associated FLIP-FLOP or 
BUFFER -INVERTER supplies the location information. (On Drawing 9, lower left, 
below FLIP-FLOP "M2", see notation "D E22 C". This states that the CLAMP 
PACKAGE is located in package jack with coordinates E-22 and that pin connections 
D and C are used.) 
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A-9d A few self-imposed exercises requiring translation of informa- 
tion contained in the detailed block diagrams to schematic form should re- 
veal the scheme to the reader. 

A-9e Technical details of circuits not included in standard packages will 
be discussed as they arise. 

A-10 MISCELLANEOUS 

a) PULL-DOWN resistors associated with OR gates are 
physically located in the package containing the load pre- 
sented to the OR gate (e.g. Drawing - 9 - input to WRITE AMP). 

b) PULL-UP resistors associated with AND gates are located 

(1) within the package where the AND gate diodes are, or (2) 
another package, or (3) in more than one package (when par- 
alleled). Reducing PULL-UP resistance by parallel combina- 
tions can be for the purpose of compensating for low PULL- 
DOWN resistance in a network of gates and/or to reduce rise 
time of a signal. 

c) The diodes associated with a single gate are not necessarily 
all located in the same package. Pre-wired combinations within 
Dl and D2 packages provide a variety of options minimizing wiring 
external to the package. 

d) The secondary of the 6.3V filament transformer which feeds all 
filaments is returned to -55V to minimize possibility of exceed- 
ing the heater-to-cathode voltage ratings of all tubes. 

e) Utilization of a right-to- left time axis is used as a convenience 
in analyzing most circuit activity (ref. G-lOb). 
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SECTION B 



BASIC TIMING 



This section is devoted to the basic timing 
subdivisions and associated signals involved 
in the G-15D. The reader is urged to memorize 
the nature of the timing structure and signals 
before proceeding to sections to follow since 
Boolean algebra notations define times merely 
in terms of signals. It is not necessary to 
digest all of the details of the electronic cir- 
cuits which give rise to the various timing 
signals before reading the sections to follow. 
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G-15D IN GENERAL 

B-la The G-15D is composed of a combination of logical "building blocks" 
discussed in Section A. The heart of the computer may be considered the 
magnetic drum which not only constitutes the MEMORY, but also the source 
of all timing signals. 

B-lb All computer activities are synchronized with the basic timing sig- 
nals mentioned above in a consistent orderly manner. Since such timing 
signals control logical activity, the time axis may be considered a standard 
reference in describing an event, for this reason timing warrants discussion 
prior to any other functions . 

TIMING SUBDIVISIONS 

B-2a (Ref. Drawing 6) In general, time in the computer is cyclic as 
it is on a clock. The basic cycle is known as a DRUM CYCLE (sometimes 
called a LOGICAL DRUM REVOLUTION), during which the entire contents of the 
memory are revealed and can be subjected to alteration. A DRUM CYCLE is 
the recirculation time of a long (3132 bit) memory line and is arbitrarily 
divided into 108 WORD TIMES (WT) (as a day, which is a cycle, is divided into 
24 hours.) These WORD TIMES are numbered 00 - 107. 

B-2b Each WORD TIME is divided into 29 PULSE PERIODS (PP) designated 
Tl - T29. 

B-2c Associated with each PULSE PERIOD is a trio of pulses, the most 
significant one of which is known as CLOCK. CLOCK pulses occur at the 
junction of two adjacent PULSE PERIODS. The leading edges of these CLOCK 
pulses cause the transitions in most flip-flops. A CLOCK pulse, the 
duration of which is logically insignificant (.3 - .5 microseconds), may 
be considered as designating either the beginning of one PULSE PERIOD or 
the end of the preceding one. The remaining two pulses of the trio are 
READ CLOCK and WRITE PULSE, and are necessary for the operation of memory 
lines. (Their use is restricted to internal functions of the memory lines 
only, hence they need not be considered as constituting significant general 
purpose logic pulses.) 

B-2d Drawing 6 illustrates the sequence of the above mentioned elements 
of time. Below is a convenient analogy between the G-15D computer time ref- 
erence and the familiar times of day: 

1 DRUM CYCLE 1 day 

1 WORD TIME 1 hour 

1 PULSE PERIOD 1 minute 

B-2e Just as events that occur during any day may be described in terms 
of hours and minutes, a computer event may be designated by word time and 
pulse period (e.g. ,T29 of Word 107 is the last PULSE PERIOD of a DRUM CYCLE). 
Also, just as a duration of activity may be described as lasting for N 
hours, a computer activity may be said to last for N WORD TIMES. 

B-2f Unless the computer is caused to alter its internally stored infor- 
mation, any subdivision of information will be available every DRUM CYCLE 
at the same time in terms of WORD TIME(s) and PULSE PERIOD(s). 
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B-2g The basic element of information circulating in the computer is 
the BINARY DIGIT (abbrev: BIT). Timewise, a particular bit of information 
may be located by designating its PULSE PERIOD and WORD TIME. 

B-2h The basic information group consists of 29 bits and will "occupy" 
one WORD TIME (1 WT = 29 PP) . Such a group is known as a WORD and may re- 
present anything the programmer may designate (i. e., an instruction, a 
number and sign, part of a number, a control code, etc.). It is up to the 
programmer to determine the information content of the WORDS and their dis- 
position. The computer itself will only do what it is instructed to do. 

B-2i In order to logically and electronically identify certain times, it 
is necessary to have available certain signals which will occur periodically 
at the designated times. For this purpose three tracks (plus a spare) are 
available on the drum. These tracks, in conjunction with circuits known as 
CLOCK CHASSIS, TIMING GATES and CONTROL GATES, yield the necessary signals. 
Drawing 15 indicates the system. 

WRITE PULSE, CLOCK, READ CLOCK - UNCONDITIONAL 

B-3a CLOCK TRACK ; This trio of signals occurs unconditionally every pulse 
period. Their origin is the CLOCK TRACK (see Drawing 15 - lower left). This 
track is permanently recorded around the drum (i.e., it has only a reading 
head and hence does not recirculate). The reading wave from the head resembles 
a continuous sequence of sine waves. The manner in which this track is 
recorded is such that exactly 3596 (i.e., 124 x 29) pulses are recorded around 
the track in a closed circle. This recording procedure is performed at the 
factory and would constitute a difficult problem to re-record in the field 
should an accidental erasure occur. (A grid to plate short in the CLOCK 
TRACK preamplifier tube could cause track erasure by DC current in the read 
head.) For this reason a spare recorded CLOCK TRACK is provided. Should the 
active CLOCK TRACK become erased, the spare may be used until the normally 
active track is re-recorded. In the unlikely event that re-recording of an 
erased CLOCK TRACK is necessary, instructions for doing so in the field can 
be obtained from CUSTOMER ENGINEERING. 

B-3b CLOCK CHASSIS : The CLOCK TRACK reading head output is amplified by 
a pre-amplifier circuit identical to those used with other heads (Drawing 11). 
The preamplifier output is connected to the input of the CLOCK CHASSIS, which 
is located in the bottom of the computer (front center). The CLOCK CHASSIS 
(Drawings 14, 3D293) forms four different output pulses, three of which con- 
stitute the trio mentioned above. 

B-3c WRITE PULSE : The preamplifier output (a series of sine waves) is 
"squared" by VI and V2 in the CLOCK CHASSIS (Dwg. 14). The V2B output, 
differentiated, triggers multivibrator V3, which yields a 2 microsecond 
positive-going square wave at V3, pin 1. This 2 microsecond square wave 
causes power pentode V7 to conduct through its plate transformer T3. The 
negative end of T3's secondary (term. 4) is returned to -20V; the positive 
end (WRITE PULSE) is appropriately terminated to -20V and clamped at OV. 
Secondary termination is accomplished by (1) a 680 ohm resistor (R29) (2) 
the load, and (3) two CLOCK CLAMP PACKAGES - one in each logic panel (see 
also dwg. 12). (Termination in the logic panels reduces transient problems.) 
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B-3d CLOCK ; The trailing edge of the V3 multivibrator output (pin 6) 
causes blocking oscillator V4 to cycle yielding a positive -going pulse of 
.3-. 5 microsecond duration at T6, term. 5. This signal, which exists 
directly after the decline of the WRITE PULSE, causes power pentode V5 to 
conduct through plate transformer Tl. The positive end of the secondary 
(term .3) is returned to ground; the negative end (CLOCK) is appropriately 
terminated to ground and clamped at -13V. Secondary termination, as in the 
case of WRITE PULSE is accomplished (1) in the CLOCK CHASSIS (a 100 ohm 
res-R28, and CR3), (2) by the load, and (3) in the CLAMP package. 

B-3e READ CLOCK ; These pulses, used in the READ AMPLIFIER circuits to 
probe for the presence of ONES, are required to follow CLOCK pulses (uncondition- 
ally) by approximately 1 microsecond. They resemble CLOCK in shape, but 
have a base line of approximately -25V and reach a negative peak of -75V 
(clamping level). These two levels are both adjustable and may be varied for 
optimal results . 

B-3f To produce READ CLOCK, CLOCK is coupled to the grids of V8 and V9 
(power pentodes) via T4 (for inversion and -20V return) and via a 1 micro- 
second delay line. The result is that the power pentodes conduct through 
the plate transformer T5 for .3-. 5 microsecond at the appropriate time. 

B-3g Due to the nature of the load (ref . Section A-7k) and the amplitude 
of the READ CLOCK pulse itself, four pentode drivers are required to supply 
the necessary power output. V8 and V9, in the CLOCK CHASSIS itself, are 
supplemented by two more power pentodes in the READ CLOCK package (the only 
one of its kind in the computer - location: J-54). The READ CLOCK package 
contains two power pentodes in parallel feeding one plate transformer. The 
pentode grids receive the same signal as those in the CLOCK CHASSIS (TS2-9); 
the transformer secondary is wired in parallel with the READ CLOCK output of 
the CLOCK CHASSIS (i.e., the T5 secondary). 

B-3h The transformers' secondary termination is accomplished in the same 
general manner as termination of the other signals; however, -25V and -75V are 
required for reference level and clamping level. V10 and Vll supply these 
voltages as follows: 

B-3i The cathode of Vll yields a potential which is primarily a function 
of the setting of potentiometer R54. This cathode potential is adjusted to 
approximately -75V (by R54) and should not vary significantly as a result of 
loading. VlO's function is similar to that of Vll except that VlO's cathode 
will be primarily a function of the setting of potentiometer R51. R51 is set 
to yield approximately -25V from VlO's cathode. 

B-3j The reader will note that the -75V output is coupled to the V10 grid 
circuit and that an inter -action will exist. Furthermore, neon NE2-1 couples 
the entire amount of any Vll cathode voltage fluctuation to VlO's grid, hence 
will tend to vary the -25V output level. This interaction tends to neutralize 
the effects of variations in clamping current required by READ CLOCK. (The 
amount of clamping current is a function of the total number of ONES in the 
memory.) In adjusting R51 and R54, a "rocking-in" procedure should be fol- 
lowed to allow for this inter-action. Although the two output potentials are 
called "-25V" and "-75", they are, in practice, adjusted to any levels in the 
vicinity which yield the most stable reading amplifier behavior. 
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B-3k A summary of these three pulses may be seen at the top of Drawing 6. 

SHIFT PULSE - CONDITIONAL 

B-4 (This signal is not among the basic pulses appropriate to mention at 
this point; however, its formation may as well be discussed while CLOCK CHASSIS 
is being described.) T6, term. 5, which yields CLOCK, also feeds the grid cir- 
cuit of power pentode V6. However, if the SHIFT COMMAND INPUT ( = RC-CJ) 
which is applied to CR2, is at -20V (one stable state), the grid Will not' 
be able to rise above -20V due to clamping by CR2 - hence no V6 output. If 
the CR2 cathode is at 0V (rather than -20V) V6 will conduct and the T2 
secondary will yield a signal of the same type as CLOCK. Clamping follows 
the same pattern as that for CLOCK except that termination only exists in 
one of the two logic panels since the entire load is located in that panel 
only. In general, SHIFT PULSE constitutes a burst of CLOCK pulses dependent 
upon an externally generated signal = RC«CJ. (Sec. C-5b.) 

TIMING PULSES - THE TIMING TRACK (TM) 

B-5a Tl, T2, T13, T21, T28 and T29 : These pulses are required to identify 
their respective pulse periods every word time. The TIMING TRACK (TM), a 
permanently recorded track, supplies the necessary information to signify 
these pulses. The TIMING TRACK, like the CLOCK TRACK, is recorded at the 
factory. It repeats the same digital configuration 124 times around the 
periphery of the drum in a closed loop. (It is not necessary for this track 
to recirculate to stay in step with a DRUM CYCLE since the digital configuration 
in all WORD TIMES is identical and the only requirement is that an integral 
number of word times be recorded around the drum.) 

B-5b The subdivision of each WORD TIME is illustrated on Drawing 6 
(see TIMING TRACK.) The hardware is indicated on Drawing 15. The output 
of the TIMING TRACK READING FLIP-FLOP (TM) feeds an array of flip-flops and 
gates in the TIMING GATES. The key outputs from the circuit are high during 
Tl, T2, T13, T21, T28 and T29 . Generation of these signals from TM is 
illustrated on the timing chart on Drawing 15 - lower left. The circuit is 
self-synchronizing. 

B-5c It is not necessary to have a spare TIMING TRACK as was the case 
with the CLOCK TRACK. A new TIMING TRACK may be recorded in the field if an 
accidental erasure occurs. If the case arises, the procedure can be obtained 
from CUSTOMER ENGINEERING. 

WORD TIME INFORMATION - THE NUMBER TRACK (CN) 

B-6a The NUMBER TRACK is the word time reference track and supplies 
the computer with several pieces of information. Drawing 6 (right) 
illustrates the contents of all words. The purpose of all bits of informa- 
tion will be discussed in this manual as the need for them arises. At 
this point only one bit need be mentioned: the bit stored at T29 time during 
each word time. This bit is a ONE during all word times other than WT 107, 
but during WT 107 itself the bit is_a ZERO. The latter may be defined in 
Boolean algebra terminology as T29*CN, where CN is the READING FLIP-FLOP of 
the NUMBER TRACK. 
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This particular signal comes high during the last PULSE PERIOD of a 
DRUM CYCLE and constitutes a n index or ORIGIN PULSE. The signal is 
called TO (i.e., TO = T29«CN), and is used for many purposes. Associated 
hardware may be found on Drawing 15. 

B-6b Needless to say, since an actual physical drum revolution and a 
DRUM CYCLE differ (by a factor = 124/108), it is necessary that the 
NUMBER TRACK be a recirculating memory line so its contents will "keep 
step" with DRUM CYCLES. Since power turn-off involves erasure of all 
recirculating memory lines, a scheme of renewing the NUMBER TRACK during 
the power turn-on cycle is provided. This is discussed in Section G. 

B-6c Once TO is established, a circuit in the CONTROL GATES (Drawing 15) 
involving the CE and CF flip-flops yields more timing signals. The CE 
flip-flop (synchronized by the NUMBER TRACK) yields_an output "CE" which 
is high during EVEN word times only. (Obviously "CE" will be high during 
ODD word times.) CF will, under control of CE, etc., be high during word 
times congruent to 2 and 3 modulo 4. 

B-6d CE and CF, once synchronized, will allow the formation of certain 

other basic timing pulses in the TIMING GATES as follows: 
TE = Tl-CE (i.e., Tl of EVEN word times) 
TF = T29-CE-CF (i.e., T29 of words congruent to 3 mod. 4) 

B-6e The reader will note that the signal TE, which has been defined as 
Tl'CE is actually formed by T29-CE delayed one pulse period. Frequently 
the means of forming a signal is not the most straight- forward one. This 
can usually be attributed to conservation of hardware or preservation of wave- 
shape. Ordinarily a signal is defined by Boolean algebra notation in terms 
of the conditions under which it occurs — such notation usually follows 
the method whereby the signal is formed, but not necessarily. 

B-6f Drawings 15 (upper left) and 6 (left) illustrate the signals just 
encountered. The reasons for them will become apparent later. At this 
point the reader should attempt to memorize the contents of Drawing 6 with 
the exception of details of the NUMBER TRACK not discussed in this section. 
These basic timing signals represent the time references for most computer 
functions to be discussed in sections to follow. 



21 



SECTION C 



GENERAL COMPUTER ACTIVITY 



This section is devoted to a variety of concepts 
and circuits. The circuits covered are controlled 
to some extent by the SPECIAL COMMANDS and other 
functions to be covered in sections to follow. The 
sequence of presentation in this particular section 
is less orderly than that to be found in others . 
This is necessary to present pre-requisite material 
first and to minimize forward references. 
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COMPUTER SEQUENCE OF ACTIVITY 

C-la Unless the computer is idle, it is engaged in a computing cycle 
illustrated on Drawing 18. The productive portion of the cycle takes 
place during the time the computer is in the TRANSFER (TR) state. It is 
during this time (an integral number of WORD TIMES) that an operation is 
executed. The TRANSFER state is sometimes referred to as the EXECUTE state. 

C-lb Needless to say, the computer must know the nature of the operation 
to be executed; this is determined during the READ COMMAND (RC) state. 
During this state (lasting one WORD TIME), a command is "read" from a pre- 
determined word location of a pre-determined line (ref. Sec. D-6b). The 
instant the final bit of the command (T29-RC) has been read, the command has 
been decoded and has set up all the necessary electronic paths for proper 
execution of the operation designated by the command. 

C-lc Once a command has been read (and decoded) it may be executed 
immediately provided the command itself calls for immediate execution. 
If the command is not an IMMEDIATE command it is DEFERRED. As Drawing 18 
illustrates, if a command is IMMEDIATE , as soon as the command is read, 
the TRANSFER state is initiated. If DEFERRED, the computer will rest in 
the WAIT TO TRANSFER (WTR) state for an integral number of word times until 
information in the command itself calls for the TRANSFER state. 

C-ld How long the computer will remain in the TRANSFER state is also a 
function of the command. 

C-le Once the TRANSFER state is terminated, the computer will advance to 
the READ COMMAND state immediately or after an integral number of word times 
in the WAIT TO READ COMMAND (WRC) state. At this point the cycle repeats 
unless the computer is purposely caused to stop; in this case it will idle 
in the WAIT TO READ COMMAND state indefinitely. 

COMMANDS 

C-2a A command, as mentioned above, controls the computer in regard 
to timing (i.e., advancement from state to state), and in regard to the 
nature of the operation to be performed during the designated time of 
TRANSFER. A command is considered subdivided into two general portions: 
the STATIC PORTION and the DYNAMIC PORTION. (These names not only describe 
their purposes, but also their treatment within the computer.) Breakdown 
of a command is illustrated on Drawing 5 (top.) 

THE STATIC PORTION: 13 bits (Tl - T13 ) 

C-2b SOURCE AND DESTINATION ( S & D ): This information is contained 
in 10 bits (T2 - Til) which can assume 1024 (i.e. 2 10 ) different configurations, 
hence there are 1024 different SOURCE - DESTINATION combinations possible. 
Individually the SOURCE and DESTINATION portions can express SOURCES and 
DESTINATIONS numbered 00 - 31 (i.e., 00000 - 11111 in binary). If the 
DESTINATION is specified 00 - 30, the command calls for a transfer of infor- 
mation from a SOURCE (00-31) to the designated destination. However, if 
DESTINATION is selected equal to 31, the SOURCE number (00 - 31) specifies 
a SPECIAL COMMAND, not necessarily involving transfer of information at all. 
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C-2c CHARACTERISTIC (CH): This information is contained in 2 bits 
(T12 and T13) and can assume 4 (i.e., 2 2 ) different configurations, 
designating four options in performing a command defined by S and D. 
The manner in which the CH code is interpreted (hence, its result), is 
a function of the particular S and D selected. 

C-2d SINGLE OR DOUBLE PRECISION (S/D) bit: This bit (Tl) is the only 
remaining bit of the STATIC PORTION of a command. Its functions depend 
to some extent upon the remainder of the command (including the DYNAMIC 
PORTION) . It is primarily concerned with setting up logical circuits to 
comply with timing requirements of SINGLE and DOUBLE precision operations; 
it does, however, serve other purposes. 

THE DYNAMIC PORTION: 16 bits (T14 - T29) 

C-2e IMMEDIATE or DEFERRED (I/D) bit: This bit (T29) controls whether 
the TRANSFER state will be initiated directly after the command is read or 
wait (in the WAIT TO TRANSFER state) until some other factor calls for it. 
A "0" specifies IMMEDIATE; a "1", DEFERRED. 

C-2f TIMING NUMBER (T): This information is contained in 7 bits (T22 - 
T28) and can express a number from 00 - 127. This is a controlling factor 
in either initiating or terminating TRANSFER. The manner in which it is in- 
terpreted depends upon other factors in the command. 

C-2g NEXT COMMAND LOCATION (N): This information is contained in 7 
bits (T14 - T20) and is used to express a number from 00 - 107. These 
numbers refer to the WORD TIME during which the command to follow is to 
be read after the current command has been concluded. 

C-2h BREAK POINT (BP) bit: This bit (T21) provides a programmable 
method of interrupting operation of the computer after the command has 
been executed. The setting of the COMPUTE switch on the BP position will 
cause the computer to idle in the WAIT TO READ COMMAND state after the 
TRANSFER state has been terminated. 

C-2i (LOCATION of command) (L) : This is not actually written as part of 
the command but is a piece of information associated with it. L is the 
word time (00 - 107) during which the command is read and usually is N of 
the previous command. 

COMMANDS- SUMMARY 

C-2j Commands consist of several subdivisions, all of which contribute 
to define and control the operation to be performed. The programmer is 
required to account for all 29 bits of a command; the engineer should be 
able to determine exactly what will happen within the computer as the 
result of any command whether or not its composition is legitimate. 

NUMBERS 

C-3a Ordinarily, the words to which commands make reference contain 
numbers or portions of numbers. Any word (in the memory) to which a pro- 
gram never makes reference can contain anything- -usually all ZEROS. 
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Numbers are of two general types: SINGLE PRECISION and DOUBLE PRECISION. 

C-3b SINGLE PRECISION numbers are held entirely within a single word 
and consist of a total of 29 bits as follows: 28 (T2 - T29) to express the 
number and 1 bit (Tl) to hold the sign (SIGN BIT = "0" means +; "1" means -) . 
A single precision number can, by virtue of 28 bits, accommodate 2 28 different 
binary configurations which amounts to precision up to one part in 268,435,455 
(i.e. 1 part in 2 28 -l). 

C-3c DOUBLE PRECISION numbers require two words and consist of an 
EVEN numbered word (time) for the lowest order portion and the following 
ODD numbered word for the highest order portion. Sign is held in the Tl 
position of the EVEN word (TE = Tl-CE), and the remaining 57 bits are 
devoted to expressing the number. The numerical portion can assume 2^7 
different configurations amounting to precision of one part in 144,115,188, 
075,855.871 (i.e. 1 part in 2 57 -l). 

C-3d When an operation dealing with SINGLE PRECISION numbers is executed, 
Tl pulses constitute the TS or SIGN TIME pulse; DOUBLE PRECISION operations 
require TS to consist of TE (i.e., TI-qe). This is one function of the S/D 
precision bit of a command (ref. drawing 15-upper right). 

C-3e Whenever a number is transferred from a SOURCE to a DESTINATION, 

and is subject to modification in the INVERTING GATES, the modification is 

a function of the SIGN associated with each individual number being transferred. 

Obviously pulses interrogating the signs of numbers must occur at the appropriate 

time. Proper programming of the S/D precision bit of a command therefore is 

essential. 

COMPLEMENTATION OF NUMBERS 

C-3f Numbers are normally to be found (in memory) in terms of ABSOLUTE 
VALUE and SIGN. Furthermore, the BINARY POINT may be assumed to be to the 
left of the highest order bit of each number, rendering the highest order 
bit in the 2-1 column. (A programmed scaling factor can render such a 
fractional number a multiplier for 2 raised to any power, hence, order of 
magnitude is unrestricted - this is the programmer's concern.) 

C-3g Should a number be negative, it is desirable (in order to facilitate 
certain operations such as addition) to convert it to COMPLEMENT form, such 
that given a fractional number = .N, its COMPLEMENT is (l-.N). The COMPLE- 
MENT represents a number, which if increased by a positive value =.N, will 
yield all ZEROS in its fractional part and an END CARRY into the imaginary 
2° position. Such an END CARRY, if added to the imaginary "1" in the 2° 
position, would yield a sum bit of "0" and an end carry which will be killed. 

C-3h Evidence of the imaginary "1" in the 2° position is the content of 
the SIGN BIT. (i.e., a "1" in the sign bit represents a negative number; 
if the number is in complement form, the "1" (from "l-.N") is held in the 
SIGN BIT.) Ideally the SIGN BIT, which has a quasi-numerical significance, 
should appear in a bit location following the highest order numerical bit 
(2" ) since it represents a state of 2°. However, it is also vital that 
this sign bit precede the number (i.e., be at the lowest order end) to 
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facilitate the activity in the INVERTING GATES which must know the sign of 
a number prior to its transmission from EB to IB (ref. Sec. C-7a). 

C-3i The sign then, is applied to the lowest order end of a number for 
the sake of the INVERTING GATES, but may, when necessary, be influenced by an 
end carry from the 2 position in arithmetic operations as will be seen later 
in Sections C-lOm-o. 

C-3j To obtain the COMPLEMENT of a number the procedure is: Starting 
with the lowest order digit and proceeding up, pass all bits unchanged up 
to and including the first "1" bit; thereafter invert the bits to follow. 
Example: 

.N .0110100 

l-.N .1001100 

An analysis of the operation is as follows: 



l-2 _n 


.1111111 


-.N 


-.0110100 


l-2" n -.N 


.1001011 


+2" n corr. 


+.0000001 


l-.N 


.1001100 



This may appear to be a round-about method of obtaining 
l-.N, but it does not necessitate a subtractor. 

C-3k The procedure of "PASS ALL BITS UNCHANGED UP TO AND INCLUDING 
THE FIRST "1" accomodates the subtraction of .N from all ONES and also 
the +2" n correction. "INVERSION FOLLOWING THE FIRST "1" handles the higher 
order portion of the subtraction from all ONES. 

C-31 This scheme is know as the V2's complement system". (The "l's 
Complement System " does not accommodate the +2" n correction). When we say 
take the "l's complement of a number ", this implies a binary point location, 
hence the value of the highest order numerical bit. 

C-3m (The terms "'l's' complement system " and "l's complement of a 
number " do not necessarily mean the same thing. The G-15D obtains com- 
plements of numbers by employing the "2's complement system "; by placing 
the binary point to the left of the highest order bit a complement re- 
presents l-.N hence is the "l's complement of a fractional number .") In 
an addition of two numbers of unlike sign, the positive number should be 
uncomplemented (i.e., NORMAL) and the negative number should be complemented. 
As a result of addition, the imaginary "1" in the 2° position will either 
remain, indicating a negative sum in COMPLEMENT form, or be changed to "0" 
indicating positive sum in NORMAL form. An end carry from the highest order 
numerical bit position (2" 1 ) will decide the fate of the imaginary "1" in 
20 (ref. dwg. 25). 

C-3n The end carry from 2" 1 (T29 position of a word) will be added to 
the sign bit "2 " (Tl position of a word) by virtue of the structure of the 
adders, which allow the sign position to be available for processing directly 
after the T29 position. Details of this will be explained under ADDERS (Sec. 
C-10m-o.) 
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C-3o Drawing 24 indicates the results of additions of two fractional 
numbers, a and b. Using the complementation scheme to deal with negative 
numbers, the chart reveals that all sums (unless they exceed a fractional 
value and constitute overflows) will be either in NORMAL or COMPLEMENT 
form and will contain the desired sign bit as CORRECTED SIGN. The re- 
sults are a function of the signs and relative magnitudes of the AUGEND 
and ADDEND. Drawing 25 illustrates actual binary examples of the complemen- 
tation and addition procedure (note that in MEMORY numbers are in terms of 
SIGN and ABSOLUTE VALUE: in the ADDER itself, NORMALS and COMPLEMENTS 
appear when appropriate) . 

SOURCES AND DESTINATIONS IN GENERAL 

C-4a The simplest commands are those involving a transfer of information 
from a SOURCE (usually one memory line) to a DESTINATION (also usually one 
memory line). A list of SOURCES and DESTINATIONS is provided on Drawing 2. 
Unless DESTINATION = 31 is selected, the information content of the 
selected SOURCE will be copied into the DESTINATION subject to control of 
intervening circuits, which are under the control of the command. Except 
when DESTINATIONS AR+ and PN+ are selected, the original contents of the 
DESTINATION line are replaced by the incoming information (ref. Sees. A-7 
and C-lOh). 

C-4b For example: if SOURCE 08, DESTINATION 16, and CHARACTERISTIC 
are selected, this means that during the time of TRANSFER, the READING 
FLIP-FLOP of MEMORY LINE 08 will be coupled indirectly to the writing 
circuit of MEMORY LINE 16, while recirculation of MEMORY LINE 16 is blocked. 

C-4c Drawing 20 illustrates the information flow from the READING FLIP- 
FLOP of the SOURCE line to the writing circuit of the DESTINATION line. 
The blocks called SOURCE SELECTOR SWITCH and DESTINATION SELECTOR SWITCH 
are merely portions of the individual memory lines treated collectively. 
As the notations suggest, activities of the blocks are a function of one 
or more factors contained in the command being processed. 

C-4d Whenever a SOURCE is selected, from the time the STATIC PORTION 
of a command is read until it is replaced by that of another command, the 
designated SOURCE will send its information to the EB (EARLY BUS), which 
is nothing more than a multi-term OR gate. In case SOURCE 27, 30 or 31 
is selected, more than one SOURCE line is coupled to the EB; the Boolean 
algebra notations on Drawing 2 indicate the logical combinations. These 
combinations are sometimes referred to as the LOGICAL SOURCES; commands 
employing them are known as EXTRACT COMMANDS. SOURCE 29 will serve to 
supply nothing but ZEROS to the EARLY BUS unless an extra attachment INPUT- 
OUTPUT REGISTER is plugged into the G-15D. 

C-4e EB (EARLY BUS) information appears on the IB (INTERMEDIATE BUS) 
subject to modification by the INVERTING GATES. The INVERTING GATES are 
controlled by command information (ref. Sec. C-7b) . 

C-4f IB (INTERMEDIATE BUS) information can appear on the LB (LATE BUS) 
during the time of TRANSFER only. This time-gating by TRANSFER prevents the 
selected DESTINATION from being influenced at times other than the time of 
TRANSFER. 
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SPECIAL DESTINATION 31 

C-4g When DESTINATION 31 is selected, the SOURCE code no longer represents 
a SOURCE to feed a DESTINATION (although the corresponding SOURCE line 
harmlessly feeds the EB) . The SOURCE code designates an operation (or a 
choice of operations from which one may be selected by the CHARACTERISTIC 
code). Drawing 3 lists the operations available. (These will be described 



later in Sec. D.) 



THE CONTROL SWITCH 



C-5a When a command is read, the STATIC PORTION (T1-T13), which is 
concerned primarily with the routing of information, is registered in a 
static register consisting of 13 flip-flops. These are located in the 
CONTROL SWITCH (Drawing 23), and the entire contents are exhibited on the 
neon panel (Drawing 17). 

C-5b Alteration of information in these flip-flops is possible only 
during the first 13 pulse periods of the READ COMMAND state defined by 
RC-CJ. The CX flip-flop can only be triggered when RC'CJ qualifies the 
AND gates controlling it; the remaining 12 flip-flops can only change state 
when gated CLOCK pulses are applied to them. These CLOCK pulses are the 
SHIFT PULSES mentioned in Section B-A. The term permitting generation ot 
these SHIFT PULSES is actually RC»CJ. In conclusion, when a command is 
read these 13 STATIC FLIP-FLOPS will register T1-T13 (the STATIC PORTION) 
of the command and will continue to hold the information until equivalent 
information from the next command replaces it. 

C-5c The method of feeding this information into the 13 flip-flops is 
shown on Drawing 22. Once any information resides in the flip-flops, an 
array of gates decodes the contents, delivering a variety of signals to 
control the activities throughout the computer. The decoding scheme is 
shown on Drawing 23. The output signals are stabilized after T13 of RC, 
and will remain stable until the end of Tl of the next RC. (During the 
RC.CJ period, when the flip-flops experience transition, the output signals 
are not interrogated.) 

C-5d A combination of two output signals (Drawing 23) will precisely 
define a SOURCE or DESTINATION number^ For instance DO'DW defines DESTINA- 
TION 02 since it is equivalent to C6'-C5-'C5-C3.'C2" (i.e., 00010 2 or 02 10 in 
the DESTINATION flip-flops of the CONTROL SWITCH). Such a signal combination 
(DO-DW) is used to allow the LATE BUS (LB) to write on LINE 02. (Note on 
Drawing 9 - lower left - that DO'DW- LB is the writing term of LINE 02 when 
selected as DESTINATION.) 

C-5e Similarly, SO.SW SOURCE codes representing configuration 00010 in 
the SOURCE flip-flops, are suitable for controlling LINE 02 as a SOURCE. 
(Note on Drawing 9 that S0-SW.M2 feeds the EARLY BUS when LINE 02 is selected 
as SOURCE.) 

C-5f By forming in this central location (CONTROL SWITCH) key signals 
to feed the extremities of the computer, economy in wiring and components 
at the extremities is achieved. 
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C-5g The signal DS (Drawing 23) is an example of central formation 
of a signal for use in many locations. DS=D7'DX«TR (i.e., a signal high 
during TRANSFER if DESTINATION 31 is selected). This signal "operates" 
the SPECIAL COMMANDS listed on Drawing 3. For instance, to perform the 
special command "HALT", SOURCE 16 and DESTINATION 31 must be specified 
(symbol: 16 — »-31). When this configuration enters the 13 flip-flops 
and when the TRANSFER state aris es the__signals S4-SU-DS will be present. 
(S4-SU-DS = S4-SU'D7'DX-TR = CV-CU-C9 -C8'C7 •C6*C5'C4'C3'C2*TR) . The 3- 
term signal S4'SU*DS (derived from a multitude of terms) is all that is 
required to initiate the "HALT" command (note dwg. 30 - upper left). The 
same ingredients, S4, SU, & DS can be used to perform other functions. 
In case any one signal (such as DS) feeds many loads, it may be "boosted" 
by simple devices such as cathode- followers; detailed prints supply this 
type of information. 

TRANSFER TIMING 

C^6a The DYNAMIC PORTION of a command is concerned with establishing 
the timing control of the TRANSFER state (TR); however, how the DYNAMIC 
PORTION is interpreted depends to some extent upon the STATIC PORTION 
(which resides in the CONTROL SWITCH after T13-RC). 

C-6b Drawing 19 illustrates by flow-diagram and examples the various 
TR timing control options. The DYNAMIC PORTION of a command holds I/D 
(T29) and T (T28 - T22) information. Furthermore, the factor L (WTrq) 
has some control on timing. (The N and BP factors, also in the DYNAMIC 
PORTION, have no bearing on TR timing). 

C-6c As the flow diagram shows, I/D and L or T control the initiation 
of TR regardless of the STATIC PORTION of the command. Termination of TR 
is a function of the configuration in the STATIC PORTION (i.e., MARK EXIT? 
SHIFT? MULT? DIV? NORM? S/D?). The CONTROL SWITCH supplies the necessary 
terms to determine mode of termination; once determined, the termination 
is performed by the signals occurring at the times shown on Drawing 19. 



C-6d In the majority of c ases, th e "Imm., MARK EX., abs.", "Def., 
MARK EX., single", or "Def., MARK EX., double" timing will hold true. Note 
that in the case of SINGLE PRECISION DEFERRED commands, TR lasts one word 
time only (during WT = T) and in the case of DOUBLE PRECISION, DEFERRED 
commands, TR lasts 2 word times (T and T+l), provided T is an EVEN number. 
This is compatible with processing numbers of corresponding precisions. 

C-6e IMMEDIATE commands can give rise to TR lasting many word times, 
hence are capable of processing blocks of numbers (hence, the term BLOCK 
TRANSFER used in programming language) . It can be seen that the S/D bit 
has no bearing on TR timing in the IMMEDIATE cases; nevertheless, its control 
over the TS (TIME OF SIGN) signal remains unaffected. 

C-6f The signals causing transition (at the bottom of the timing diagram) 
are generated in the COMMAND REGISTER and associated circuits under the 
control of the STATIC and DYNAMIC portions of the command. Formation of 
these signals will be discussed in Section C-17. 
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THE INVERTING GATES (EB-»IB) 

C-7a As was mentioned in Sec. C-4e, information may be modified in 
transit from the EARLY BUS (EB) to the INTERMEDIATE BUS (IB). The 
modification is under the control of (1) the STATIC PORTION of a command 
(hence the CONTROL SWITCH), and (2) the SIGNS of the NUMBERS themselves 
which are being transferred. Since the SIGN bit precedes the number, it 
is capable of controlling the circuits which process the number to follow. 

C-7b The CH (CHARACTERISTIC) bits of the command, in conjunction with 
the S (SOURCE) and D (DESTINATION) codes control the nature of the 
modification in accordance with the CHARACTERISTICS TABLE on Drawing 26 
upper right. By means of Boolean algebra notation, referring to CONTROL 
SWITCH output terms, the following transfer characteristics may be obtained: 











ABBREV. 


Case 


I 


cx-cw 

CX-CW'S7«D7 


TRANSFER 
TRANSFER VIA AR 


TR 
TVA 


Case 


II 


CX'CW 
CX'CW'S7-'D7 


ADD 

ADD VIA AR 


AD 

AVA 


Case 


III 


CX'CW*(S7+D7) 


ABSOLUTE VALUE 


AV 


Case 


IV 


CX-CW'(S7+D7) 


SUBTRACT 


SU 



C-7c The CASES ( I- IV) mentioned above, control the INVERTING GATES 
such that they transmit EB information to the IB in the manners indicated 
at the bottom of Drawing 26. Note that both the SIGN BIT of the number on 
EB and the CASE (I-IV) determine: (1) the SIGN BIT to be placed in the IB, 
and (2) whether or not the numerical portion of the EB number should be com- 
plemented in transit. 

Drawing 26 also shows the INVERTING GATES circuit that performs these 
operations. CONTROL SWITCH and EB sign information controls the INVERTING 
GATES via gates 1-5. TS identifies the TIME of SIGN. Since the INVERTING 
GATES behave in accordance with TS, and TS is controlled by the S/D bit, 
the S/D bit has an indirect controlling effect on the INVERTING GATES. 

C-7e The IS flip-flop, when set, calls for complementation of a number; 
when reset, the number should be transferred without being complemented (i.e., 
NORMAL). IS may be called the "WHETHER TO COMPLEMENT FLIP-FLOP". Note also 
that the RC (READ COMMAND) signal resets IS so that in the absence of any 
other IS control signals, no complementation will take place. 

C-7f In the cases of ABSOLUTE VALUE and SUBTRACT, gate 5 prevents EB 
information from reaching IB at the time of the SIGN BIT. In the event that 
a positive number is transmitted with a SUBTRACT characteristic, gate 4 
enters a "1" on the IB at sign time to provide the necessary MINUS sign. 
In all other cases (other than those associated with the 2-WORD LINES), the 
SIGN BIT on the EB will reach the IB without modification. The treatment of 
the sign by this circuit fulfills all of the requirements outlined on the 
chart at the bottom of Drawing 26. 
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C-7g IC is the flip-flop which scans for the first numerical "1" bit 

in a number to be complemented. At the beginning of a number (T2 or T2*CE), IC 

will be in the reset state allowing EB to reach IB without modification. 

If IS has been set ("WHETHER TO COMPLEMENT"), the first EB "1" bit thereafter 

(during TRANSFER) will set IC causing every EB bit that follows to arrive on 

IB inverted (i.e., after IC is set, IB = EB'TS-IC). This circuit fulfills 

all requirements of the complementation of numbers technique described in 

Section C-3f-k. The sole purpose in qualifying gate 6 by TR is to prevent 

random setting of the OVERFLOW FLIP-FLOP (ref. Sec. C-ll). 

IB — »LB 

C-8a IB information can appear on the LATE BUS (LB) only during the 
time of TRANSFER (TR) . If the CONTROL SWITCH yields the signal CS meaning 
"NOT VIA AR", this results in LB = IB-TR. 

C-8b If the CONTROL SWITCH yields the signal CS this calls for a "VIA AR" 
characteristic and IB will be routed via the 1 word memory line AR in transit 
to LB. 

C-8c This results in the following: (1) During the first word time of 
TRANSFER the original contents of AR will appear on the LB; (2) During the 
remaining word time(s) of TRANSFER, IB will appear on the LB delayed by one 
word time; and (3) During the last word time of TRANSFER, IB will be stored 
in AR (but will not reach the LB) . This operation is a powerful programming 
tool. 

C-8d In either case (VIA AR or NOT VIA AR) the LB will only contain 
information during the time of TRANSFER and consequently cannot influence 
DESTINATIONS at any other time. 

EXECUTION OF A SAMPLE COMMAND 

C-9a The performance of a sample command will now be illustrated to 

tie together some of the circuits and concepts discussed so far. The command 

is as follows: 

I/D T BP N CH S D S/D 

* , > x | , a % r _ J ^ t a s r x s | 

10 0111000010100100101001110 

t t 

T29 Tl 

(L = 1 = 01) 

C-9b The binary configuration of this command (one of the 536,870,912 
possible configurations) states the following: 

(L = 01 i.e. the command is read during WT 1.) 
I/D =1 i.e. the command is DEFERRED. 
T = 07 i.e. TRANSFER will be initiated at the beginning of 

WT 7 by T29-(T-1). For termination see S/D. 
BP = i.e. when this command has been performed, advance, 

non-stop, to the next command. 
N = 10 i.e. the NEXT command is to be read during WT 10 
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CH = 1 i.e. ADD characteristic - complement negative 

numbers, pass positive numbers unchanged. 
S = 05 i.e. MEMORY LINE 5 will feed the EARLY BUS 
D = 07 i.e. the LATE BUS will feed the writing station 

of MEMORY LINE 7 during the time of TRANSFER. 

Also, recirculation of LINE 7 will be blocked 

during this time. 
S/D = i.e. SINGLE PRECISION: (1) TS will = Tl, and 

(2) TRANSFER will be terminated at the end of 

WT 7 by T29-TR) 

C-9c Result: This command, read at WT 1, causes LINE 5 to copy its 
contents into LINE 7 during WT 7, subject to complementation if the number 
in LINE 5, WT 7 is negative. The next command will be read from WT 10. 
The computer cycle is as follows: 

RC (READ COMMAND) WT 1 i.e. L 

WTR (WAIT TO TRANSFER) WT's 2, 3, 4, 5, 6 

TR (TRANSFER) WT 7 i.e. T 

WRC (WAIT TO READ COMMAND) WT's 8,9 

RC (READ COMMAND - next) WT 10 i.e. N 

OPERATION ANALYSIS 

C-9d (Ref . Drawing 22) During RC the command is read from a memory 
line previously selected and appears inverted as MC-CG-RC. During the first 
13 pulse periods of RC, RC'CJ allows the STATIC PORTION of the command to 
enter the 13 STATIC FLIP-FLOPS (Cl-CX). The DYNAMIC PORTION, selected by 
RC'CJ, enters the COMMAND REGISTER ADDER (discussion in Sec. C-17) to yield 
a trigger pulse to initiate TR at T29»(T-1). 

C-9e After T13 of RC, the 13 STATIC FLIP-FLOPS in the CONTROL SWITCH 
stabilize yielding the following signals: 

Cl Means SINGLE PRECISION: (1) controls the TIMING GATES 

to yield TS=Tl and (2) sets up CONTROL GATES to terminate 
TRANSFER at T29-TR. 

Sl,SV SOURCE designators: qualify read-out gate of LINE 5, 
therefore EB = M5-S1-SV 

Dl,DX DESTINATION designators: qualify writing gate of LINE 7, 
yield ing writ e term = LB'D l'DX. A lso, during TR, the 
term Dl'DX-TR is absent. Dl-DX'TR qualifies recirculation 
of LINE 7. During TR recirculation_is bl ocked since the 
recirculation term of LINE 7 is M7 ' D1+M7 • DX • TR . (DeMorgan's 

Law) 

CX.CW CHARACTERISTIC designators: These qualify gates 2 and 3 
controlling the IS flip-flop in the INVERTING GATES so 
that TS-EB will set IS or TS-EB will reset it, conse- 
quently complementing the EB number (M5*Sl'SV) in transit 
7 to IB in accordance with its sign. 

CS CHARACTERISTIC designator: means "NOT VIA AR" . LB will = 

IB-CS-TR and will constitute the information to be written 
into the DESTINATION, LINE 7. 
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C-9f The following prints may be consulted to verify the above: 

DWG. NO'S. 
"Control Switch": 23 

"Timing gates" (for TS): 15 
"Memory Lines": 3D296, 3D297 

"Inverting Gates": 26 

C-9g It may be seen that a variety of commands of this sort may be 
written and analyzed in a manner similar to that above. 

ADDERS 

C-lOa The G-15D is provided with three adders (Drawing 27): 

(1) AR (ACCUMULATOR REGISTER) - a single precision (1 word) adder 

(2) PN (PRODUCT-NUMERATOR REGISTER) - a double precision (2 word) 

adder 

(3) CM (COMMAND REGISTER) - a 1 word adder for special purposes. 

It is not available to the programmer. 

C-lOb The AR and PN are available for use by the programmer as general 
purpose adders. They are also employed to facilitate operations involved 
in certain special commands. (i.e. AR is used in conjunction with SHIFT 
and NORMALIZE, PN with MULTIPLY and DIVIDE.) 

C-lOc In addition to their adder capabilities, AR and PN also serve as 
rapid-access memory lines in that unless a NON-ZERO addend is being added to 
either of their contents, the contents remain unchanged (i.e., n + = n) 
and merely recirculate in the line, available for many purposes. 

C-lOd Associated with each adder are three major terms: (1) the AUGEND 
(U), (2) the ADDEND (D) , and (3) the SUM (A). In addition to these, there 
is the CARRY (C) term and its control system. By programming the control of 
U and D, the following operations are available pertaining to AR and PN: 

AUGEND (U) + ADDEND (D) = SUM (A) 

U + (D=0) = U (recirculation) 

(U=0) + D D (read-in) 

U + D = U+D (addition) 

C-lOe In any case involving either U or D equal to zero, the CARRY 
CIRCUIT will be inactive unless triggered by some external signal. 

C-lOf ADDER RECIRCULATION: If programmed reference is not made to 

either AR or PN, whatever number happens to be in the adder (resulting from 

a previous operation) will recirculate as follows: A bit at the READING 

FLIP-FLOP will be applied to the AUGEND to which "0" will be "added" via 

the inactive ADDEND. This results in a SUM equal to the AUGEND. The SUM is 

written and will re-appear at the READING FLIP-FLOP during the next recirculation 

cycle. 

C-lOg ADDER READ- IN: When an adder is programmed as destination (but not 
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to perform an addition), recirculation is blocked during the time of 
TRANSFER. That is, the information from the READING FLIP-FLOP is not 
allowed to reach the AUGEND input to the adder gates. Simultaneously the 
LB (LATE BUS) is applied to the ADDEND. This means that the writing term, 
A (SUM), is equal to U+D = O+LB = LB. (Hardware is illustrated on Draw- 
ing 27.) 

C-lOh ADDITION: An addition is based upon the assumption that the 
AUGEND term is recirculating in the line. If AR+ or PN+ is selected as 
destination, the LB will feed the ADDEND term from the appropriate SOURCE 
line during the time of TRANSFER. The recirculating AUGEND term will not 
be blocked. The result is that a set of gates, in conjunction with the 
CARRY flip-flop, will add the two terms (U and D) yielding their sum, A, 
which will be written on the adder's line to re-appear at the READING FLIP- 
FLOP during the next recirculation cycle. 

C-lOi SUBTRACTION: An adder may perform a subtraction by adding the 
negated ADDEND term. Negation of the ADDEND is performed in the INVERTING 
GATES which are controlled mainly by the CHARACTERISTIC (CH) bits of the 
command. 

C-lOj In loading an adder with AUGEND and ADDEND terms, the CH bits 
usually are selected to provide either the ADD or SUBTRACT characteristic. 
Below are examples, using AR, to illustrate ADDITION and SUBTRACTION 
programming: 



ADDITION: 


S+S' 
S 


CH 


— > A 
D 


Load AUGEND 


S 


1 


28 


Load ADDEND 


S' 


1 


29 



-> AR write 

SYMBOL 

S ^ARc 

S'-AP >A R + 



•the SUM is generated at the same time 
the ADDEND is entered 



SUBTRACTION: 


S-S' • 
S 


CH 


— »- A 
D 


Load AUGEND 


S 


1 


28 


Load ADDEND 


S' 


3 


29 



->-AR write 

SYMBOL 



AD 



»AR r 



S'_§^AR + 

--the SUM (in this case DIFFERENCE) is generated 
at the same time the ADDEND is entered. 

C-lOk The ADD characteristic should be used even when loading the 
AUGEND. This is necessary in case the AUGEND term is a negative number. 
In this case the INVERTING GATES will complement the number. This is a 
requirement of the arithmetic. 



C-101 The internal workings of the AR adder follow a conventional 
pattern. Addition, like transfer, is serial, bit-by-bit. Needless to 
say, the bits must be added starting with the lowest order bit for CARRY 
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purposes. (This is the reason data is handled lowest order bit first and 
the time axis, for convenience, is usually considered going from right to 
left. Right- to-left time places the lowest order bit to the right. 
Oscilloscope horizontal-deflection plates may be reversed for this reason.) 

C-lOm As the reader may recall, the SIGN BIT occures at Tl of a SINGLE 
PRECISION number, therefore, the lowest order bit in a number is T2. An 
END CARRY from the T29 bit can influence the sign bit as the following 
paragraphs will reveal. 

C-lOn Prior to the addition of two numbers, the SIGN BITS (Tl of the 
AUGEND and ADDEND) are added, producing the UNCORRECTED SIGN bit in the 
SUM. No CARRY is allowed to emerge from Tl to influence the numerical 
portion. Furthermore, the CARRY flip-flop is unconditionally reset at 
the end of Tl time so it will "contain zero" at T2. 

C-lOo Starting with T2, the bits are added, producing the sum. Should an 
END CARRY emerge from T29 (highest order bit), it will be added to the UN- 
CORRECTED SIGN during Tl of the following word time. This is because Tl 
of the original SUM (i.e., the UNCORRECTED SIGN) appears as the Tl AUGEND 
bit after the 1 word delay in the line. The final result in Tl of the SUM 
is the CORRECTED SIGN. The processing of the sign bit takes place twice- - 
at the beginning of a number, then again at the end. The effect is the same 
as if it had all been accomplished at Tl following the highest order numerical 
bit (T29). An ADDITION example is provided on Drawing 29. 

C-lOp The principle upon which the DOUBLE PRECISION adder (PN) operates 
is the same as that employed by AR except that TS only occurs at Tl of EVEN 
word times (TE = Tl'CE) and the highest order bit is T29 of the following 
ODD word time (T29-CEJk T29 and Tl at the junction of the EVEN and ODD 
words (T29-CE and Tl'CE) are numerical bits and are treated accordingly. 

C-lOq Drawing 27 illustrates the three adders. CM, which is not a 
general -purpose programmable adder, is discussed in Sec. C-17. 

C-lOr Note that CARRY FLIP-FLOP control differs in the AR and PN. The 
result is the same; only the means differ. The AR CARRY FLIP- FLOP (AC) is 
set or reset every single pulse period (i.e., if two or more ONES exist in 
U, D, and C, set AC -- otherwise reset AC). The PN (and CM) operate on the 
ORIGINATE-PROPAGATE-KILL basis (i.e., leave the CARRY flip-flop in its 
previous state unless conditions of U, D, and C call for a change.) 

C-lOs The latter case conserves hardware; the former case is required 
for the benefit of an external circuit (CONTROL GATES: in terminating 
TRANSFER in the case of a SHIFT command - see D-12e). Determination of 
sum bits is identical in AR, PN, and CM. 

C-lOt The CARRY set terJU for AR is supplemented by T29'TR-D7'C3«IS«IC-AD, 
and that of PN by T29'TR.CE.DW'C6.C5'IS-TC.PD. These terms identify "MINUS 
ZERO" reaching the adder in question from the INVERTING GATES at the time of 
the highest order bit. By setting CARRY at this time, the CORRECTED SIGN 
bit will be made equal to ZERO, preventing MINUS ZERO as a number from 
engaging in any adder activity. Drawing 27 indicates the purpose of the various 
terms listed above. 
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(MINUS ZERO, though equal in magnitude to the normal PLUS ZERO, is incompat- 
ible with the SIGN and NUMBER scheme employed in the adders.) 

C-lOu To summarize ADDER activity, below are two examples showing addition 
of numbers of unlike sign (using 9-bit word examples for the sake of brevity): 

ACCUMULATOR REGISTER (AR) : 

TRANSFER 



CARRY SET 
CARRY RESET 

CARRY (AC) 
AUGEND (AU) 
ADDEND (AD) 

SUM (AA) 



/l 

0/1 

1 1/1 
0/0 



1 1/0 



111 1 
1 111/1 

110 10 0/0 
10 10 10/0 
10 110 11/1 

10 10 1/1 

± 



CORRECTED SIGN 



Tl\ |T29| 



decimal equivalents 

if T29 bit represents 2 7 





10 



10 



= +146 
= - 77 

= + 69 



Tl UNCORRECTED SIGN 



PRODUCT- NUMERATOR REGISTER (PN) ; 

TRANSFER 



CARRY SET 
CARRY RESET 

CARRY (PC) 
AUGEND (PU) 
ADDEND (PD) 

SUM (PA) 



/l 

0/1 
0/1 
0/0 

0/0 

1, 



CORRECTED SIGN 



Tl'CE 
=TE 



odd WT 



011001000 
100100100 
101100110 

010001010 
1 1 



T29-CE 



Tl'CE 



even WT 



/l 

0/0 
0/0 
0/1 

0/1 

i . , I 



decimal equiv- 

alents if T29-CE 
bit represents 2' 




10 




= +146 
= - 77 



10 = + 69 



T29 • CE 



Tl'CE 
=TE 



UNCORRECTED SIGN 



C-lOv COMMAND CONTROL OF THE ADDERS: Needless to say, the AUGEND and 
ADDEND terms are under the control of the command which makes reference to 
the adder in question. The STATIC PORTION of the command, registered in the 
13 STATIC FLIP-FLOPS yields the necessary output terms from the CONTROL 
SWITCH as follows: 



AR: 
(1) 

(2) 



Block AUGEND recirculation: D7-DU-TR = DESTINATION 28 
during time of TRANSFER 

Supply LATE BUS to ADDEND: D7-DV-LB + D7.DU-TR-LB = AD 
during time of TRANSFER if DESTINATION = 28 or 29. (TR 
in the term above is a harmless redundancy; it can be 
attributed to hardware conservation.) 
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PN: 



(1) Block AUGEND recirculation: D6-DW-TR = DESTINATION 26 
during time of TRANSFER 



(2) Supply LATE BUS to ADDEND: LB«D6'DW-TR«CE-CS + LB-D7'DW = PD 
during time of TRANSFER if DESTI NATION = 26 or 30 (subject to 
control in case of DEST. = 26 by CE'CS to be discussed in 
Section C-12d. 

C-lOw In both cases (AR and PN) , other terms serve to control A and U to 
facilitate certain SPECIAL COMMANDS. The terms above pertain only to AR, 
AR+, PN and PN+ as DESTINATIONS. The READ-OUT gates follow the same pattern 
as general -purpose memory lines. 

C-lOx BLOCK ADDITIONS: It is perfectly legitimate to accumulate the 
sum of many numbers by allowing TRANSFER to last for several word times. In 
such a case, ADDENDS appear one right after the other with no "barrier" pulse 
periods. This means that, CORRECTED SIGN of one number will be processed in 
the adder at the same time as UNCORRECTED SIGN of the next number (at TS time) . 
This, however, is permissible since the net result will be the legitimate 
UNCORRECTED SIGN of the second number. Drawing 29 is an example of such a 
case. 

OVERFLOW DETECTOR (FO) 

C-lla An overflow arising due to an addition may be defined as the magnitude 
of a sum exceeding the capacity of the adder. That is, if an adder is assumed 
to accommodate fractional numbers only, but as the result of adding two fraction- 
al numbers a sum is produced equal to or greater than unity, the integral 
portion (2°), for which the adder has no accommodation, constitutes an over- 
flow. Such a case can only arise from addition of numbers of like sign, which 
may be identified by a "0" in the UNCORRECTED SIGN bit. 

C-llb An overflow may be identified by comparing certain factors including: 
UNCORRECTED SIGN, SIGN of ADDEND, END CARRY, etc. Drawing 27 (top) indicates 
the factors compared, with notes indicating the significance of the signal 
combinations . 

C-llc The detector circuit is required to detect overflows in both the AR 
and PN. Furthermore, discriminating terms (from CONTROL SWITCH) are required 
to prevent conditions in one adder from adversely influencing the detector 
gates interrogating the other adder. 

C-lld The term DS, which holds FE reset, prevents the OVERFLOW FLIP-FLOP 
(FO) from being set during a DIVIDE operation. A DIVIDE may yield legitimate 
overflows in PN. The DIVIDE system can set FO by "CIRCLE X" (ref. Sec. D-llae) . 

C-lle The "DA-1 OVERFLOW" term can only arise if a DA-1 unit is plugged 
into the G-15D and is operating. 

C-llf Once the OVERFLOW FLIP-FLOP (FO) is set, it will accomplish nothing 
unless tested by the "OVERFLOW to TEST" command (see Sees. D-14F and C-19). 
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This command will reset FO upon interrogation, clearing it for the next 
overflow. The condition of FO is exhibited on the NEON PANEL (Drawing 17) 

THE TOO- WORD LINES; ID, MQ, AND PN 

C-12a The two-word lines are primarily for special purposes such as 
MULTIPLY and DIVIDE. To facilitate these operations, certain control 
features are associated with information transfer to and from them. These 
features affect the READ- IN activity of the lines and the INVERTING GATES. 
Such activity is under the control of the CHARACTERISTIC bits of the 
associated command. 

C-12b If the CH specifies anything other than TRANSFER (TR) or TRANSFER 
VIA AR (TVA) , the two-word lines behave just as other lines do as far as 
READ- IN and READ-OUT are concerned. In the event that one of these lines is 
selected as SOURCE or DESTINATION the TR or TVA characteristic will control 
activity as follows: 

C-12c READ- IN (Ref. Drawing 34): If ID, MQ, or PN is selected as 
DESTINATION with a TR or TVA characteristic, EB will be transmitted to IB; 
however, the SIGN BIT of each number will be blocked in transit, supplying 
only the absolute value to IB. IB will feed LB according to the usual 
rules. The SIGN BIT is fed to the IP FLIP-FLOP circuit (ref. Sec. C-13). 

C-12d The LB signal will appear at the READ- IN gates of the 3 lines. 
CONTROL SWITCH terms will qualify the READ- IN gates and block recirculation 
as follows when the line in question is selected as destination: 

ID: (1) TR'D6.DV bl ocks r ecirculation during time of TRANSF ER 
(2) TR«D6-DV'LB-CS'CE writes LB in the line. The CS-CE 
term allows LB to be written during the entire time 
of TRANSFER if TR, AD, AV, or SU is the characteristic. 
If TVA or AVA is the CHARACTERISTIC, during EVEN word 
times nothing is written (i.e. ZEROS); during ODD word 
times LB is written. This permits transfer of a SINGLE 
PRECISION word from an EVEN word time to the ODD (high- 
est order) word time of a two-word line, padding the 
EVEN word time with ZEROS regardless of the original con- 
tents of AR. (Note that ID has only a 57 pulse delay in 
the line but a compensatory 1 bit delay exists in PI. 
PJ may be thought of as the READ-OUT FLIP-FLOP since it's 
output is appropriately phased.) 

PN: (1) TR-D6-DW blocks recirculation of the AUGEND during time 
of TRANSFER. 

(2) TR'D6-DW'LB'C S'CE enters LB information as the ADDEND 
term of PN. CS»CE performs the same function as mentioned 
in th e case of *ID. (If PN+ is selected as destination, 
CS'CE does not apply; furthermore, no unusual INVERTING 
GATES activity will take place.) 

(3) In the event that ID is selected as destination with a TR 

or TVA characteristic, recirculation of PN (AUGEND)_will _ 
be blocked during the time of TRANSFER by TR'D6-DV-CW-(CS+CX). 
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This interaction means that loading ID with CH = TR or 
TVA loads ZEROS in PN. This is a programming convenience 
prior to a MULTIPLY command. 

MQ: (1) TR«D6.DU bl ocks r ecirculation during time of TRANSFER. 

(2) TR'Db' DU'LB' CS-CE writes LB in the line during TRANSFER. 
Again, CS'CE controls read-in as in the case of ID. 

C-12e READ-OUT: Information will be coupled to the EARLY BUS (EB) in 
the same manner as that in other lines. That is, CONTROL SWITCH terms allow 
the READING FLIP-FLOP of the appropriate line to reach EB. 

C-12f The activity of the INVERTING GATES in transmitting EB to IB will 
be subject to supplementary control if one of the two-word lines is selected 
as SOURCE and certain other conditions exist as outlined in Sec C-13 and 
illustrated in Drawing 34. 

C-12g Several other terms exist to control recirculation, READ- IN and 
READ-OUT of these lines. They are only active when certain SPECIAL COMMANDS 
are programmed and shall be discussed later. 

THE IP FLIP-FLOP 

C-13a The IP FLIP-FLOP circuit in the INVERTING GATES deals with SIGN 
information in cases where two-word lines are involved in READ- IN or READ- 
OUT and a TR or TVA characteristic is used. 

C-13b In most operations related to use of the two-word lines, only 
absolute values of numbers are desired. SIGN information is "side-tracked" 
during EB to IB transmission and "stored" in the IP FLIP-FLOP when destination 
is ID, MQ, or PN and TR or TVA is the CHARACTERISTIC. Then, when a number 
in ID, MQ or PN is to be transmitted through the INVERTING GATES, the 
"stored" sign information is sent from IP to the IB: effectively re-assembling 
the SIGN and ABSOLUTE VALUE. 

C-13c For example, when a MULTIPLY is to be performed, ID (MULTIPLICAND) 
and MQ (MULTIPLIER) are loaded with ABSOLUTE VALUES only. When the two lines 
were loaded, SIGN information from each number set up the IP FLIP-FLOP such 
that it contains the SIGN of the product to be formed by the multiplication 
to follow. (i.e. + x+ = +, +x- =-, - x + = -, and - x - = + ). When 
the product is formed in PN, it will be in terms of absolute value. Then 
when PN (PRODUCT) is transferred to memory with a TR or TVA characteristic 
the STORED SIGN is attached to the ABSOLUTE VALUE. 

C-13d If a two-word line is the SOURCE and another two-word line is 
DESTINATION, the IP FLIP-FLOP will remain static. This permits data transfer 
among these lines to be programmed without affecting IP. Nevertheless, in 
such a transfer, sign information is blocked in the INVERTING GATES. 

C-13e A special operation is available which appears contrary to all 
rules: if PN is both SOURCE and DESTINATION and TR is the characteristic, 
the contents of PN remain unchanged if a POSITIVE SIGN exists in IP, but 
will be COMPLEMENTED if a NEGATIVE SIGN is in IP, Furthermore, if a NEGATIVE 
SIGN is in IP, PN will acquire a "1" in its TS position. This is accomplished 
in the INVERTING GATES by gate 1 and gate D (dwg. 34). The operation is a 
convenience to the programmer, enabling him to use a PRODUCT as an AUGEND 
for a future ADD or SUBTRACT operation. 
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C-13f Drawing 34 (top) illustrates the hardware associated with the IP 
FLIP-FLOP and should serve to indicate the resulting activity in any particular 
case. The chart at the upper right illustrates how the IP FLIP-FLOP will 
register a PRODUCT or QUOTIENT sign according to the law of signs, provided 
ID is the first of the two registers to be loaded prior to a MULTIPLY or 
DIVIDE command. Drawing 35 shows some examples of READ- IN and READ-OUT. 

THE "LOGICAL" SOURCES and SOURCE 29 

C-14a The "LOGICAL" SOURCES are source numbers 27, 30, and 31. Drawing 
2 defines these sources; drawing 28 shows how the appropriate terms qualify 
the EARLY BUS. 

C-14b SOURCE 29 involves transmission of certain signals to a connector 
on the back of the computer into which an INPUT-OUTPUT REGISTER accessory 
may be plugged. These signals may be found on Drawing 23 (lower right); 
however, there is no need to consider them unless the accessory is used. 
If the accessory is not employed, the term IR will be at -20V and source 
29 will constitute a convenient source of ZEROS to feed a DESTINATION when 
required. 

THE FOUR-WORD LINES (M20 - M23) 

C-15a These lines, sometimes called the RAPID-ACCESS LINES, combine the 
economy and versatility of drum storage with the speed of other types of 
storage media. Their read-in, read-out, and recirculation features resemble 
those of the general -purpose 108 word lines; however, LINE 23 has supplementary 
control features for the benefit of the INPUT/OUTPUT system. 

C-15b Addressing of these lines is on the basis of "modulo 4". That is, 
each line has four words, numbered 0,1,2, and 3, which may be addressed during 
the 108 words of a drum cycle as follows: 

Word - word times = mod 4 

Word 1 - word times s 1 mod 4 

Word 2 - word times s 2 mod 4 

Word 3 - word times s 3 mod 4 

C-15c For instance, word 1 of LINE 20 may be addressed during WT 1, 5, 9, 
13, 17, etc. The word- time cycle on Drawing 6 indicates by markers the recir- 
culation cycles of these lines. TF (i.e. T29-CE-CF) is the signal indicating 
the end of a 4-word recirculation cycle as TO indicates the end of a 108-word 
recirculation cycle. 

SOURCE AND DESTINATION RESTRICTIONS 

C-16a LINE and LINE 1: Words 107 of these two lines are reserved for 
the typewriter MARK and RETURN features (ref. Sec. E-9). 

C-16b LINE 2 and LINE 3: Words 0-3 of these two lines are employed by 
the OUTPUT system. Programmed reference can be made to these words during 
an OUTPUT operation only under well calculated conditions. 
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C-16c LINE 19 and LINE 23: These lines are employed by the INPUT- 
OUTPUT system and should not be referred to in a program during such 
an operation. 

C-16d LINES 14, 16, 17, 21 and 22: These lines are employed by the 
DA-1 (DIGITAL DIFFERENTIAL ANALYZER attachment). If such an attachment 
is in use and is in the "GO" state, the following terms control the lines: 

LINE NO. PERMIT RECIRC. WRITE 

14 GO M14W 

16 GO M16W 

17 GO M17W 

21 GO ZEW 

22 GO ZSW 

C-16e If the DA-1 is in the "GO" state, GO is at -20V and blocks 
recirculation of the lines while terms arising from the logic of the 
DA-1 become the writing terms. If no DA-1 is attached, restrictions 
on use of these lines need not be considered. 

THE COMMAND REGISTER (CM) 

C-17a The COMMAND REGISTER is a one-word adder, the function of which 
is to arithmetically determine the times at which the computer should 
advance from state to state (i.e. RC, WTR, TR and WRC) . 

C-17b Unlike many computers, the G-15D does not employ "coincidence 
detectors" to identify word times around the drum. Instead, the COMMAND 
REGISTER will yield END CARRIES at times which are a function of the T 
and N numbers of a command. These END CARRIES will occur in accordance 
with the requirements of Drawing 19 (for TRANSFER TIMING) . 



C-17c For instance, take the example of "Def., MARK EX., single" on 
Drawing 19. A signal is required to initiate TRANSFER at T29*(T-1). This 
signal is actually T29-CC, an END CARRY out of the T28 bit of the COMMAND 
REGISTER, high during T29 of WT = T-l. 

C-17d When the command was read during WT 3 (L = 3), the T22 - T28 bits 
of the command contained T = 8 10 = 0001000 2 - This information was directed 
(in inverted form) into the AUGEND term of the COMMAND REGISTER (i.e., CU) . 
Simultaneously, the previously recirculating AUGEND was blocked. Refer to 
Drawing 22: The "blo ck ol d AUGEND recirculation" term is RC-CJ; the new 
AUGEND term is RC-CJ-MC-CG. In the latter, MC is the INVERTED COMMAND, 
and CG is a control term assumed to be high unless a special command ("NEXT 
COMMAND FROM AR") is being obeyed (ref. sec. D-16). 

C-17e Among other terms which enter CU is the T22 - T28 ("T" number) 
information, which is: 1110111. This is 0001000 inverted, and may be 
thought of as representing "-8" in the "l's COMPLEMENT SYSTEM " (inversion 
yields this form of complement). Assuming the lowest order bit (T22) 
represents 2° of the T number, the 1110111 configuration will represent 
2 7 -9, or a departure from an END CARRY (2 position) by a factor of 9. 
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If we should choose to represent the same binary configuration (1110111) 
in terms of the "2's COMPLEMENT SYSTEM " and "T u , it is 2 7 -T-l = 128-T-l. 
(Ref. sec. C-3k-m) 

C-17f The command was read during WT 3. At the same time that the 
above AUGEND (128-T-l) was being established, the NUMBER TRACK (CN) informa- 
tion e ntered the ADDEND under control of the CT flip-flop, which, in the 
"Def., MARK EXIT., Single" case, is high to include T3 - T28 of RC. Drawing 
6 illustrates the contents of CN (the WORD-TIME reference track). From 
Drawing 6 it may be determined that T22 - T28 contains a factor = 'WT + 1' 
in all words other than WORD 107. In this case, 'WT +1* = L+l =3+1=4= 
0000100. 

C-17g Drawing 22 will reveal that T21 unconditionally sets CC (CM CARRY 
FLIP-FLOP), rendering it high at T22 time, effectively adding a ONE to the 
2° position of the sum. The result in the COMMAND REGISTER is as follows: 
CU = 128-T-l, CD = L+l, and CC = 1, yielding a sum, CA, of 128-(T-L-1), 
which represents a departure from 128 (END CARRY in T29) be a factor of the 
relative time elapsing between T29-L (i.e. T29-RC) and T29*(T-1). This 
relative time amounts to -(T-L-l), in this case - -(8-3-1) = -4, and will 
appear as the CA term in the M 2's COMPLEMENT SYSTEM " form (i.e., 2 7 -4 = 
128-4 = 124 = 1111100 2 . (The "1" in the CN 'WT+1* factor may be thought of 
as a +2" n correction factor to compensate for the negative AUGEND appearing 
in the "l's COMPLEMENT SYSTEM " form.) 

C-17h Unconditionally, during every word time, the COMMAND REGISTER 
CARRY FLIP-FLOP (CC) will be high at T22 time. Also, during each word 
time following RC, CU = CA of the previous word time due to the one word 
delay in the line and the fact that the READING FLIP-FLOP Supplies the 
AUGEND. In consequence, the SUM is increased by ONE each word time. In 
the example above, at T29 of the fourth word time after T29'L, the sum 
will represent 128-4+4 = 128-0. An END CARRY will be in CC at T29 and 
T22-T28 of CA will contain all ZEROS. This END CARRY, T29-CC, is the 
T29*(T-1) which will initiate the TRANSFER state. 

C-17i This T29-CC will produce a "1" in T29'CA and will be written in 
the CM line. This will appear as T29'CM during the following word time 
and 127 word times to follow. Use of this is made in a discriminatory 
circuit discussed in Section C-18h. 

C-17j A summary of the COMMAND REGISTER activity dealing with the "T" 
number using the example above is as follows: 

(See next page) 
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T28 



T22 



L = 3, T = 8 (abs.) 





AUG 


(CU) 


WT 3 


ADD 


(CD) 


(L) 


CAR 


(CC) 




SUM 


(CA) 




AUG 




WT 4 


ADD 
CAR 
SUM 

AUG 




WT 5 


ADD 
CAR 
SUM 

AUG 




WT 6 


ADD 
CAR 
SUM 

AUG 




WT 7 


ADD 




(T-1) 


CAR 
SUM 


/ 





1 






i 


X 




1 1 




1 








111 

10 

1 


X 


1 1 


1 


1 


10 





1 1 




1 




1 




10 


1 




1 1 


1 


1 


10 1 




1 1 




1 




1 




10 1 


1 




1 1 


1 


1 


110 




1 1 




1 




1 




110 


1 




1 1 


1 


1 


111 


1 


1 1 




1 




1 




111 



1 


1 















= 128-T-l 
+lrfl 
+1 
= 128-(T-L-1) 



128-4 



+1 



= 128-3 

= 128-3 


- +1 

= 128-2 

= 128-2 


= +1 

= 128-1 

= 128-1 


= +1 

= 128-0 



inv. T no. from command 
CN info. = WT+1 
add 1 (CC S = T21) 
neg. rel. time remaining 

SUM del. one WT 

(no addend term) 

add 1 

neg. rel. time remaining 



■ neg. rel. time remaining 



= neg. rel. time remaining 



= time remaining 



T29-CC 



C-17k The example above does not include the case in which the boundary 
between WT 107 and WT is crossed in the timing cycle. In such a case, an 
addition of a "CORRECTIVE 20" takes place during WT 107. This CORRECTIVE 20 
may be considered a factor which, when added to the 108 CARRIES added during 
the course of one drum cycle will yield a total of 128 or V units of 
addition. 128 units of addition increase the magnitude of the number in CM 
(T22 - T28) by a net amount of ZERO since the END CARRY effectively subtracts 
128 from the 128 added. Perhaps a more convenient way of interpreting the 
CORRECTIVE 20 is to consider it representing 128-108 = 2 7 -108 = "-108". 
Whenever WT 107 is passed, the next WT is instead of 108. The "-108" can 
be thought of as "Changing" WT "108" into WT 0. 



C-171 The example below may serve to illustrate the function of 
CORRECTIVE 20: 
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T28 



T22 



L = 105, T = 2 (abs) 



WT 105 
(L) 



WT 106 



AUG (CU) : 
ADD (CD) : 
CAR (CC) : 



WT 107 



AUG 
ADD 
CAR 

SUM 

AUG 
ADD 
CAR 
SUM 



WT 



WT 1 
(T-l) 



AUG 
ADD 
CAR 
SUM 

AUG 
ADD 
CAR 
SUM 



T29-CC 



SUM (CA): X 







111110 1 

110 10 10 

1 



110 10 

110 10 


1 



110 10 1 

110 10 1 
10 10 

1 



1111110 



1111110 


1 



1111111 
1111111 



1 







128 -T-l = 128 -2-1 
+L+1 = +105+1 
•128* +1 =-128* +1 
128 -(T-L-l)-128* 



= 128 -3 
= +106 
= -127 
= 128-24 



= 128 -24 


= +1 

= 128 -23 

= 128 -23 

+20 = 

= +1 

= 128 -2 = 



(* END CARRY subtracts 
128 from SUM) 



CORRECTIVE 20 

neg, rel. time remaining 



= 128 -2 


= +1 

= 128 -1 = neg. rel. time remaining 

= 128 -1 


= +1 

= 128 -0=0 time remaining 



C-17m Since the NUMBER TRACK contains "CORRECTIVE 20" instead of "WT+1" 
during WT 107, The COMMAND REGISTER will not function properly in obtaining 
the relative timing factor if RC takes place during WT 107. Although it 
is possible to calculate programming methods to compensate for this discrep- 
ancy, WT 107 is disqualified as a storage location in command lines 00 and 01 
(ref. sec. C-16c). Therefore, in general, use of WT 107 as a command location 
is not recommended. If WT 107 is to be used as a command location the T and 
N numbers must be 20 higher than the values normally calculated. In cases 
of MULTIPLY, DIVIDE, SHIFT, and NORMALIZE, only the N number should be so 
treated. 

C-17n During the READ C0MMA.ND state, when the NEGATIVE RELATIVE TIMING 
NUMBER is initially established in the COMMAND REGISTER, a ONE may appear 
in the SUM term at T29 time (T29-CA). This is a function of (1) the I/D 
information from the command, which enters the AUGEND at T29-RC time, and 
(2) the possibility of an END CARRY, T29-CC, which can arise as a result of 
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the arithmetic in this initial iteration. To assure tha t a ZERO will be 
written in the line at this time, CA is qualified by T29 + CQ + CL + CK, 
which excludes the possibility of a ONE being written at T29-RC time. In 
consequence, the T29-CM term cannot contain a ONE until one word time after 
a T29«CC'RC. (Section C-18h makes reference to this particular bit.) 

C-17o In the event that a command is read during one drum cycle 
and the T29-CC should occur during the next, the arithmetic (by virtue of 
the "CORRECTIVE 20") will still yield the T29-CC at WT = T-l. Also, once 
a command is read, the T29-CC will be generated at T29 of WT = T-l of 
all drum cycles to follow until a new command replaces the old one. 

RELATIVE TIMING NUMBERS 

C-17p There are four SPECIAL COMMANDS (MULTIPLY, DIVIDE, SHIFT, & 
NORMALIZE) in which the T number is to be interpreted as a RELATIVE TIMING 
NUMBER rather than a reference to a particular word time. (i.e., T specifies 
how many word times TRANSFER should last.) These commands may be defined in 
terms of the following signals originating in the CONTROL SWITCH: D7-DX-S6. 
In these cases, when the command is read, all terms entering the COMMAND 
REGISTER follow the regular pattern except that the NUMBER TRACK (CN) T22- 
T28 contents do not reach the ADDEND term - neither during READ COMMAND 
nor during WT 107. The reason for this is that the T number is a relative 
value in the first place and it is not necessary to obtain the difference 
between the two absolute values of T and L to produce a relative indication 
of time as in the general case. 

C-17q The NUMBER TRACK (CN) information is prevented from entering the 
ADDEND term of the CM in the RELATIVE TIMING NUMBER case by resetting the 
CT flip-flop (Dwg. 22) by D7 'DX.S6.T21- (CL+CK) at T21 time instead of T28-- 
provided the computer is not in the WAIT TO READ COMMAND state. This pre- 
vents CN from becoming ADDEND to affect the T number computation which takes 
place during pulse periods T22 - T28 of each word time. For the benefit of 
t he typ ewriter MARK and RETURN features discussed in section E-9, CL+CK 
(=CT«CK) prevents the special CT r during the WAIT TO READ COMMAND state. 
This preserves the "WORD 107" signal. 

C-17r Processing of the N number in the COMMAND REGISTER is analogous 
to that of the T number. The N number is located in the T14 - T20 pulse 
periods of the word in the COMMAND REGISTER. Inversion of N to supply the 
AUGEND takes place by virtue of the same circuit which supplies inverted T. 
NUMBER TRACK information is supplied as the ADDEND during READ COMMAND and 
WT 107 (WT+1 and "CORRECTIVE 20") in the same manner as it is in dealing with 
the T number except that the NUMBER TRACK information for N takes place during 
pulse periods T14 - T20. A "1" is added to the lowest order place of the 
AUGEND by unconditionally turning the CC flip-flop on by the set term T13. 
An END CARRY resulting from the arithmetic, signifying the proximity of WT = 
N, takes place at T21 time instead pf T29. The signal that is used to 
initiate the advancement of the computer to the READ COMMAND state is T21'CC. 
This will occur at T21*(N-1). 

C-17s The arithmetic operations affecting the T number and N number are 

isolated from one another by pulse period T21. Duri ng t his pulse period CC 

is unconditionally set by T21 (reset is prevented by T21 -- among other terms), 
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therefore, no end carry from N, or absence thereof, can have any influence 
upon the T number arithmetic. Drawing 33 illustrates the arithmetic in 
the COMMAND REGISTER that will take place in accordance with a series of 
three commands. 

C-17t In conclusion, the COMMAND REGISTER serves the purpose of generating 
END CARRIES as a function of the DYNAMIC PORTION of any command, but subject 
to some control by the STATIC PORTION. These END CARRIES may be defined as 
T29'CC and T21.cc. T29-CC will occur during WT = T-l or L+T depending upon 
whether the T number is interpreted as being ABSOLUTE or RELATIVE. T29-CC, 
in conjunction with other terms, will either initiate TRANSFER or terminate 
it depending on whether the command is IMMEDIATE or DEFERRED. The T21'CC 
will unconditionally occur during WT = N-l and will serve to initiate the 
READ COMMAND state (at T29 time) providing conditions permit it. (Other 
aspects of the COMMAND REGISTER will be discussed in section D-6e-l.) 

RC - WTR - TR - WRC CONTROL 

C-18a Ref . Drawing 30: The four major states of the computer are 
designated by the states of three flip-flops, CL, CK, and CQ, as follows: 

RC CL'CK' CQ 

WTR CL'CK 

TR CL-CK 

WRC CL.CK 

C-18b The CQ term can inhibit the RC state and in so doing creates 
another minor state, READ COMMAND NEXT WT. This state can only arise in the 
event of a TEST command (Ref. Sec. C-19). Assume CQ will always be in the 
reset state for the sake of the discussion to follow. 

C-18c This discussion will involve starting in the READ COMMAND state and 
advancing through the other states. Assuming that CL'CK'gQ (i.e., RC) is 
established by a T29 pulse, the following T29 will set CL (CL S = RC-T29). 
This unconditionally terminates RC after one word time. The state to follow 
is a function of CK. 

C-18d Had the comm and been an IMMEDIATE command, its T29 bit would = 0. 
This renders the term CI (inverted COMMAND INFORMATION) high at T29 of READ 
COMMAND (Dwg. 22) giving rise to T29'RC'CI, which resets CK. Control of CK 
at T29 of RC is a function of the I/D bit. At this point CL and CK can 
assume one of the following configurations: 

CL.CK WAIT TO TRANSFER (if I/D bit =1) 
CL'CK TRANSFER (if I/D =0) 

C-18e In the event that TR was not initiated at T29-RC, the T29-CC END 
CARRY signal from the COMMAND REGISTER will initiate it (by resetting CK) 
at T29 of WT = T-l. Since an unwanted T29-CC could have existed at T29«RC 
(Ref. Sec. C-17n), a means must be provided to prevent it from prematurely 
initiating TR. CL'CK defines the WTR state (which does not include RC) , 
hence T29'CC- CL'CK is a satisfactory reset term for CK in the DEFERRED 
command case. This accounts for the programming restriction that any DEFERRED 
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command will involve at least one word time in WTR, hence if T = L+l, 108 
word times will be spent in the WTR state. 

C-18f TERMINATION OF TR: This is accomplished by resetting CL. The 
manner in which this is done depends upon the command—the desired results 
are shown on Drawing 19. 

C-18g IMMEDIATE commands: T29«CCTR normally terminates TR. This takes 
place as a result of the arithmetic in CM : T29*(T-1) for ABSOLUTE timing 
numbers, T29 * (L+T) for RELATIVE. Other terms can also terminate TR for 
certain special commands: 

DS-S6.SX.PM _ --NORMALIZE (Ref. Sec. D-13c) 

DS.S6.SW'T29.CE.AC S --SHIFT (Ref. Sec. D-12e) 
DS«S5'SV-T29 --MARK EXIT (Ref. Sec. D-6f) 

DEFERRED COMMANDS 

C-18h SINGLE PRECISION: T29-TR.cT.CM terminates TR. The T29-TR portion 
terminates TR after one word time, provided Cl (STATIC FF: S/D bit = Q, 
meaning SINGLE precision) is high and CM contains a "1" at the time. CM 
can qualify this gate only after a T29»CC (not generated during RC) has 
occurred, thus preventing the gate from prematurely terminating TR in 
IMMEDIATE command cases. (Ref. Sees. C-17j and C-17n.) 

C-18i DOUBLE PRECISION: T29'CE'TR'CM terminates TR at the end of the first 
ODD word time after it is initiated. The purpose of the CM term is the same' 
as in the SINGLE PRECISION case. T29-DS.S5.SV terminates TR in the MARK 
EXIT command case resulting in TR lasting only one word time regardless of 
the S/D bit (ref. Sec. D-6f ) . 

C-18j Resetting of CL terminates TRANSFER; control of CK determines 
whether WRC or RC follows directly. If the TRANSFER terminating signal 
(TRr) occurs at T29'(N-1) time, it can, in all but the SHIFT and NORMALIZE 
cases, set CK avoiding the WRC state. Otherwise T29» (N-l) will set CK if 
WRC state is in effect, this state being identified by CL«CK. 

C-18k The reader may recall that the COMMAND REGISTER "N" number END 
CARRY occurs at T21 time. T21«CC is not suitable for direct initiation of 
RC since it does not occur at T29 time; therefore, it is stored in flip- 
flop CJ, which qualifies gates probed either by TR r or T29 , CK-CL (CK-CL = WRC) . 
CJ is normally reset by the next T13 pulse whether a T29 probing pulse sets 
CK or not. T2LCC will be available to control CJ on subsequent drum cycles 
during WT = N-l if the first one was not used to initiate RC. 

C-181 Note that T21'CC can set CJ only if the term CH'CZ.CK is high. CH 
and CZ are th e terms which allow stopping and starting of the computer (Ref. 
Sec. C-20) CK prevents any unwanted T21«CC generated during RC from setting 
CJ. Other gates capable of setting CJ will be discussed in Section D-6. 

C-18m Assuming that CQ has been high during the above discussion, as 

soon as CK was set, the configuration CL-CK.CQ is true and the RC state exists 

again, starting a new cycle. 
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C-18n _Note that when RC starts, CJ is reset by the next T13 pulse 
(T13«CJ«CQ + T13«CJ«TR); hence, CJ is high during the first 13 pulse 
periods of RC. Therefore, RC-CJ (Tl - T13) defines the STATIC portion 
of a command -- RC-CJ (T14 - T29) defines the DYNAMIC portion of a 
command . 

THE "WRC NEXT WT" STATE (TEST COMMANDS) - CQ flip-flop 

C-19a When a TEST COMMAND is performed, an interrogation will take 
place during the TRANSFER state. As a result, CQ may or may not be set 
in accordance with the information being interrogated. If set, the set 
term will occur during TR. 

C-19b When T29«(N-1) yields the CL-CK configuration, RC_exists during 
WT = N, provided CQ is in the reset state; if CQ is set, CL-CK-CQ exists^ 
defining the RC NEXT WT state instead of RC. At the end of WT = N, T29-CL-CK 
resets CQ yielding the RC state. The RC state, then, has been postponed by 
one word time and takes place_during WT = N+l. Reset of CJ, in this case 
is delayed by the absence of CQ until T13 of RC to provide the desired RC*CJ 
and RC'CJ signals mentioned in sec. C-18n. 

C-19c The CJ reset gate, qualified by T13-CJ-TR, prevents RC from taking 
place during WT = T+l (instead of WT = N+l) in case certain adverse time 
relationships exist between the setting of CQ and the word times specified 
by N and T. (e.g.: An immediate NON-ZERO TEST command with L = 10, N = 20, 
and T = 30 finding non-zero data in word 15 would be followed by the next 
command read at word 31 were it not for the Tl3»CJ«TR gate. 

C-19d The timing example of Drawing 31 should summarize state-to-state 
advancement activity. 

C-19e The CQ flip-flop is reset by (<F>*<SA> + TAPE START). WORD 107 + 
<CLEAR> to assure that the F and P keys and the turn-on cycle will cause the 
first command to be read at word 00 rather than word 01. (The <CLEAR> term 
is a redundancy since TAPE START rises during the turn-on cycle; therefore, 
<CLEAR> is not applied to CQ in some models.) 

COMPUTER START-STOP 

C-20a Ref. Drawing 30 (upper left): CH and CZ permit the T21-CC signal 
to set CJ, hence initiate the READ COMMAND state, allowing execution of the 
next command. Should CH be set or CZ be reset, the computer will idle in 
the WRC state until the CH-CZ configuration is restored. Control of these 
flip-flops can START and STOP the computer. 

C-20b MANUAL CONTROL: The right hand switch on the typewriter base is 
known as the COMPUTE switch. It has two compute positions — GO and BP. If 
it is not in either of these positions it is in the center position, GO, and 
the computer will be stopped (in the WRC state). 

C-20c With the switch on GO, the CH'CZ configuration will exist and RC 
cannot be initiated. If the switch is thrown to GO or BP, CZ will be set 
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at TO time and the CH«CZ configuration will be established allowing RC to be 
initiated by T21-CC. T21«CC will occur at T21«(N-1), where N is usually a 
function of the last command read. (N = WT can also be established by 
other means -Sec. E-8.) 

C-20d If the switch is on GO, only a "HALT" command can stop the computer. 
If it is on BP, either a HALT command or a BP bit = 1 in a command can stop 
it. In any event, manually switching to the GO position will cause a stop. 

C-20e HALT: If the HALT command is programmed, during the time of TRANSFER 
the following signal will be high: DS-S4-SU. This will set CH yielding CH-CZ, 
stopping the computer^ _To resume operation, the COMPUTE switch must be set 
to GO, establishing CH'CZ, then back to GO or BP, establishing CH-CZ. 

C-20f BREAK POINT: Should the COMPUTE switch be in the BP position and 
the BP bit of a command =1, T21«CI*RC-<BP> will become high, setting CH. 
(CI is command information; ref. dwg. 22.) Note that this term can only 
become high if <BP> is present; BREAK POINTS are ignored if the COMPUTE 
switch is on GO. <BP> must qualify the CH gate prior to starting the computer 
so the first BP's in a program cannot be bypassed; for this reason, the <BP> 
contact of the COMPUTE switch must be grounded prior to the L<GO> + <BP>] 
contact. 

C-20g "I" key operation: This provides a means of performing one command 
then stopping and is sometimes called the SINGLE CYCLE operation. See Section 
E-5. 

C-20h (<F>«<SA> + TAPE START). WORD 107 is applied to CH to assure that the 
computation cycle is stopped in case the COMPUTE SWITCH is S accidentally left on 
GO or BP during the turn-on cycle or when the F or P key is being used. 

C-20i It is of historical interest to note that in earlier documents the 
"true" side of the CH flip-flop used to be opposite to its present location. 
This meant that the computer was stopped by resetting CH rather than setting 
it and the HALT neon lit when CH was reset. There is no change in theory of 
operation; only the nomenclature was altered. 

DESTINATION 27 - TEST (NON-ZERO) 

C-21 Any SOURCE may feed DESTINATION 27. If during the time of TRANSFER 
one or more ONES appear on the LATE BUS, the test will be met, CQ will be 
set, and the next command will be read at WT = N+l (instead of N). The term 
LB«D6'DX in this case will set CQ (ref. dwg. 30) causing a one word delay in 
the RC state. 
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SECTION D 



THE SPECIAL COMMANDS 

This section requires a reasonable understanding of 
previous sections, although back references are given 
to assist the reader's memory. Little description is 
devoted to optional auxiliary equipment which is 
associated with certain commands, since such equipment 
is a study in itself and is documented in other liter- 
ature. 
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THE SPECIAL COMMANDS -GENERAL 

D-la The SPECIAL COMMANDS are those in which DESTINATION 31 is selected 
and the SOURCE number, and sometimes CHARACTERISTIC, define the operation to 
take place during the time of TRANSFER. Drawing 3 lists the operations. 

D-lb SPECIAL COMMANDS with a SOURCE number less than 16 all initiate 
INPUT-OUTPUT operations and will be discussed in sec. F. In this section 
SPECIAL COMMANDS with SOURCE numbers equal to or greater than 16 will be 
discussed. 

D-lc "DS": A CONTROL SWITCH (dwg. 23) signal common to all SPECIAL 
COMMANDS is DS ("DESTINATION SPECIAL"). DS = TR-D7-DX, hence is a special 
case of TRANSFER. This signal ordinarily activates all SPECIAL COMMANDS 
by qualifying the appropriate gates. This will become apparent as SPECIAL 
COMMANDS are analyzed. 

SOURCE 16: HALT 

D-2 DS-S4'SU sets CH, causing the computer to idle indefinitely in 
the WRC state after TR is terminated, (ref. Dwg. 30-upper left and sec. 
C-20e) . 

SOURCE 17: RING BELL. ETC. 

D-3a SOURCE 17, RING BELL: DS.S4.SV (see dwg. 23 right) is applied 
to the grid of a relay puller tube (V12 in the LOGIC PANEL - RELAY SECTION - 
dwg. 64) during the time of TRANSFER. If TRANSFER lasts 108 word times 
(approximately 30 milliseconds), RYl will pull in and its points will com- 
plete the circuit to energize the bell solenoid. The command should be im- 
mediate with T = L+l. Considering the electro - mechanical requirements of 
the hardware associated with the bell, three drum cycles should elapse between 
repeat executions of this command. 

D-3b SOURCE 17'CH=1, RING BELL and <MAN PUNCH) TO TEST: (dwg. 30-left) 
DS'S4'SV«(D arises during TR, interrogating the <MAN PUNCH> signal. © = 
CX.CW (char. =1). <MAN PUNCH> is a signal which is high if the PUNCH SWITCH 
on the typewriter is in the ON position. If the punch switch is ON, DS.S4-SV' 
• <MAN PUNCH) will set CQ and the next command will be read from WT =N+1. 
The bell will ring if TR lasts 108 word times; if TR is programmed to last 
only one word time the bell will not ring but the test will take place. (1 
word time = approximately 270 microseconds, which is insufficient to activate 
the bell circuit relay or the bell). 

D-3c SOURCE 17-CH=2, RING BELL AND START INPUT REGISTER: DS'S4«SV«(f) is 
coupled to a connector into which an INPUT-OUTPUT REGISTER accessory may be 
plugged (see dwg. 23-right) . This signal, high during TR, is for the purpose 
of controlling the above accessory, but can be used to control other types of 
external accessories. 

D-3d SOURCE 17.CH=3, RING BELL AND STOP INPUT REGISTER: DS'S4«SV'(D is 
coupled to a connector, etc. (see D-3c). 
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SOURCE 18; TRANSFER M2Q.ID to OUTPUT REGISTER 

D-4 This operation supplies M20«ID to an output connector during the 
time of TRANSFER, providing DS«S4«SW is present. The signal to output is 
DS«S4«SW'M20-PJ, where PJ is ID's output flip-flop. In addition to this, 
WRITE PULSE is supplied to the connector, by itself and also qualified by 
DS'SA'SW'PJ. If the INPUT-OUTPUT REGISTER accessory is connected, the above 
hardware (dwg. 23-right) supplies it with LINE 20 data and WRITE PULSES 
under control of ONES in the ID REGISTER. 

SOURCE 19: DA-1 CONTROL 

D-5 Ref. Dwg. 23 - right: DS«S4«SX'0 and DS«S4-SX«® are sent to a 
connector into which a DA-1 (DIGITAL DIFFERENTIAL ANALYZER) may be plugged. 
SOURCE 19.CH=0 STARTS the DA-1; SOURCE 19«CH=1 STOPS the DA-1. 

SOURCES 20 and 21: SELECT COMMAND LINE, MARK EXIT. AND RETURN EXIT 

D-6a These commands frequently are programmed as a pair and serve to 
set up new command lines in addition to other operations. 

D-6b Commands are read during the RC state from one of eight possible 
COMMAND LINES (00, 01, 02, 03, 04, 05, 19, and 23). The particular line 
which supplies the commands is a function of three flip-flops: CDl, CD2, 
and CD3. The three flip-flops, once set up in a particular configuration, 
will remain in that configuration until changed by programming or by manual 
control. Therefore, commands will emerge from the same line until another 
line is established by changing the configuration of the CD flip-flops. 

D-6c The CD flip-flops are shown on Drawing 22-bottom. Above them 
are eight gates supplying MC, the inverted command information from the 
false side of the selected command line. Which gate is qualified, hence 
which line supplies commands, is a function of the CD's. 

D-6d When either SOURCE 20 (RETURN EXIT) or SOURCE 21 (MARK EXIT) is 
programmed, DS'S5-C8 appears during TRANSFER, setting the CD's in accordance 
with the contents of CX, CW, and Cl, which are the CHARACTERISTIC and S/D 
bits in the 13 STATIC FLIP-FLOPS. Hence a new command line may be established 
by the CH and S/D bits as shown on Drawing 32 (lower left). Other signals 
originating in switch contacts can control these flip-flops (see sees. E-6, 
E-7, E-lld and G-2m). In addition to the command line selection function, 
these two commands perform other functions as follows: 

D-6e SOURCE 21, MARK EXIT: (Ref. dwg. 32). This command, during the 
time of TRANSFER, blocks recirculation of the COMMAND REGISTER AUGEND term 
during pulse periods T2-T13, effectively loading this portion of CM with 
ZEROS. T1-DS-S5'SV sets CJ; Tl3«CJ« (TR+CQ) resets it. C J. DS.S5-SV blocks 
CU. The reader may recall that CJ has other functions (sec. C-18k-n); this 
does not prohibit its use in this capacity since the different functions are 
isolated by a barrier of time. 

D-6f If the MARK EXIT command is written as deferred, TRANSFER takes 
place during WT=T only, regardless of the S/D bit of the command. 
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(TRj. = DS.S5.SV.T29-ref. sec. C-18g and dwg. 30.) This allows the S/D 

bit to equal 1 or (in accordance with the desired number of the new command 

line to be selected) without influencing the TRANSFER state. 

D-6g Since CU was rendered equal to zero during TR, and TR occurred 
during WT = T, then CU = at WT = T. Tl unconditionally sets the COMMAND 
REGISTER CARRY FLIP-FLOP (CC) every word time adding a ONE to the lowest 
order bit (T2) of this newly established AUGEND. Hence, during WT = T, 
the sum (CA) equals 1. During the next 107 word times 107 carries will be 
added to this number (CC s =Tl) and at WT=107 a CORRECTIVE 1940 will enter the 
ADDEND (CD) from the NUMBER TRACK (CN) yielding a total of 2048. This sum 
equals 2 11 and will appear as (1) all ZEROS in the T2-T12 positions of the 
COMMAND REGISTER line and (2) an END CARRY at T13 time of WT = T-l of the 
drum cycle following the MARK EXIT command. Furthermore, this Tl3«CC will 
exist at WT = T-l during every drum cycle thereafter until another MARK 
EXIT command establishes a new "MARK". 

D-6h SOURCE 20, RETURN EXIT: (ref . dwg. 30- top) When this command is 
read, during the time of TRANSFER it will perform its command line switching 
function. However, when it comes to establishing the next READ COMMAND 
state, an additional gate can set CJ to permit the next T29 pulse (TR r +T29- 
CL'CK) to initiate RC. This new gate is qualified by T13*CC'CJ'D7 -DX«S5'SU 
and allows the T13-CC, established by the last MARK EXIT command, to initiate 
RC instead of the usual T21«CC. That is, the next command will be read 
during WT = T of the last MARK EXIT command instead of WT = N of the RETURN 
EXIT command. 

D-6i The above will take place provided the MARK EXIT and RETURN EXIT 
commands are constructed as illustrated on Drawing 32. 

D-6j If the previous MARK EXIT command had been written as IMMEDIATE, 
the T13-CC would have occurred during WT = L of the MARK EXIT command (as a 
function of TR) , hence the command following the RETURN EXIT would be read 
during WT = L+l of the MARK EXIT command. (The T number of an IMMEDIATE 
MARK EXIT command can be anything; however TR will last only one word time 
since TR r =T29-DS-S5.SV.) 

D-6k The Tl3.CC will initiate RC following a RETURN EXIT only if the 
T21-CC does not initiate it first. Relative timing of these two CARRIES 
will determine the location of the next command. When N of the RETURN EXIT 
command = L+l, Tl3«CC initiating RC prior to T21«CC is inevitable. 

D-61 A RETURN EXIT command should not have its BP bit =1. This will 
serve to prevent T2LCC from initiating the next RC state (see sec. C-20); 
however, it will not prevent T13«CC from doing so. If Tl3.CC initiates RC, 
the state of CZ and CH will prevent T21«CC established by the new command 
from initiating the RC state to follow, effectively postponing the stop by 
one program step. Also, if relative timing of T13.CC and T21.CC is such 
that T21-CC is intended to precede T13-CC and initiate RC during WT = N of 
the RETURN EXIT command, the state of CZ and CH will block T21-CC to initiate 
RC regardless of sequence. This would mean that a program could proceed in 
one way with the COMPUTE SWITCH on "GO" and another with the COMPUTE SWITCH 
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on "BP". SINGLE CYCLING (sec. E-5) will also give rise to this problem for 
the same reason. The solution is: 1) do not place a BP in a RETURN EXIT 
command and 2) do not SINGLE CYCLE a RETURN EXIT command unless fully aware 
of all possible results. 

SOURCE 22; SIGN OF AR TO TEST 

D-7 If this command is programmed, it will cause the next command to 

be read from WT = NH if a negative number exists in AR. This is accomplished 

by DS.S5.SW-T1.AR setting CQ (ref. dwg. 30-left and sec. C-19). 

SOURCE»23 CH=Q: CLEAR MQ, ID, PN and IP FLIP-FLOP 

D-8 DS*S5«SX«(5) blocks recirculation of the three two-word lines 
and resets the IP flip-flop (ref. dwg. 36). TRANSFER must last for two 
word times to block recirculation of the lines for a complete recirculation 
cycle. Exactly when these two word times take place makes no difference. 

SOURCE 23-CH=3» PN-M2 to ID and PN-M2 to PN 

D-9a (Ref. dwg. 36) This command causes two separate concurrent "extract" 
operations: 

1) PN-M2 to ID: This requires blocking ID recirculation and 
application of PN-M2 to the ID writing circuit. DS«S5«SX«(3) 
accomplishes the former, DS-S5.SX. (3) # M2'PP accomplishes the 
latter. (PP is the READ FLIP-FLOP of the PN register). 

2) PN«M2 to PN: This operation can be described as blocking 
recirculation of PN if M2 is high. DS.S5-SX- (5) «M2*PP 
accomplishes this. 

D-9b The operations performed by the command facilitate efficient DECIMAL- 
-BINARY conversion routines, but may be used to advantage for sorting purposes 
in any program. 

SOURCE 24 : MULTIPLY 

D-lOa MULTIPLY may be considered an automatic sub-routine built into 
the computer hardware. The purpose of the sub-routine is to form a fractional 
product (in PN) from a fractional multiplicand (in ID) and a fractional mult- 
iplier (in MQ) . The binary point, for this purpose, must be considered to 
the left of the highest order bit (T29*CE) in these registers. 

D-lOb The sub-routine involves the addition (accumulation) of: 
(IDo x 2" 1 ) x 2 of MQ Q + (ID Q x 2" 2 ) x 2" 2 of MQ Q • •+ (ID Q x 2" n ) x 2 _n of 
MQ Q , these values being accumulated in the PN adder to form a product. The 
hardware is shown on Drawing 36 and an example on Drawing 37 . 

D-lOc In order to obtain (ID Q x 2" n ), a means of shifting the contents of 
ID to the right one bit- each recirculation time is provided (i.e. ID shifted 
right one bit = ID x 2" , two bits = ID x 2 , three bits = ID x 2" 3 , etc.). 

D-lOd The means of shifting ID is shown on Drawing 36 (left). The PJ flip- 
flop reads the contents of ID one recirculation time after it is written 
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(57 +1 = 58 pulse delay) and is considered to be the "OUTPUT FF" of the. 
line. If PJ is the writing term of ID (normal recirculation), information 
in the line is synchronized such that every recirculation time it is written 
in the same place relative to the time reference. If, however, PI is coupled 
as the writing term instead of PJ, information will be written one pulse- 
period in advance, meaning that bits will be recirculated out of phase with 
the time reference resulting in the information being advanced one bit each 
recirculation cycle. 

D-lOe This principle, known as PRECESSION, effectively shifts the number 
in ID to the right (relative to this right-to-left time axis) one bit every 
two word times. This particular case may be referred to as a "ONE BIT PRE- 
CESSION TO THE RIGHT". 

D-lOf Note that TE qualifies PI when it is the writing term. This means 
that during TE (sign position of double precision words), nothing but a 
ZERO can be "written". __57 pulse periods later (T29-CE), PI will read this 
ZERO. In effect, this TE qualifying term inserts ZEROS into the highest 
order end of the word as it is shifted to right; bits at the lowest order 
end of the numerical portion are lost as the number shifts right. Drawing 
37 illustrates this in terms of a ten-bit example. 

D-lOg Note in the example on Drawing 37 that even though ID Q and MQ 
contain single precision numbers, the PRODUCT acquires numerical bits below 
the lowest order numerical bit position of PN ,, (i.e. T2-CE). If a sub- 
sequent single precision command transfers only PN^jj to memory, the PRODUCT 
sign bit stored in IP will be substituted for the numerical bit in Tl'CE of 
PN in the INVERTING GATES during TRANSFER (ref. D-lOp and Drawing 34). 

D-lOh As a result of the PRECESSION circuit mentioned above, ID times 2 
to reducing powers is available to be accumulated in the PRODUCT REGISTER 
(PN) in accordance with the MULTIPLIER (MQ) data. A means must be provided 
to interrogate the bits in MQ corresponding to these powers of 2 for the 
purpose of controlling the additions of ID x 2~ n in the PN register. 

D-lOi The means of interrogating MQ bits, starting with the highest order 
bit (2"1), also involves precession. Ref. Drawing 36: The contents of MQ 
can shift to the left by virtue of delay flip-flop PQ. During a multiplication, 
normal recirculation of MQ is blocked and another recirculation path including 
a one bit delay (provided by PQ) is substituted. The result of this is that 
information from the reading station is re-written after a 59 pulse delay, 
effectively shifting it one bit position to the left relative to the right- 
to- left time axis each recirculation cycle. This may be called a "ONE BIT 
PRECESSION TO THE LEFT". 

D-lOj TE qualifies the writing term when this precession path is connected. 
This means that at TE time a ZERO is written each recirculation cycle, 
effectively inserting zeros in the lowest order end of the number each time 
it shifts to the left one bit. Furthermore, this means that as the number 
shifts to the left, the highest order bit is shifted "out of the end" of the 
line and lost. 

D-lOk The PM FLIP-FLOP monitors the highest order bit of MQ (at T29-CE 
time) at the end of each recirculation cycle. Timewise, PM will register, 
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for a 2 word time duration, each MQ (multiplier) digit starting with 2" . 

D-101 Whenever the highest order MQ bit is a ONE after a shift, ID x 
2" n will be appl ied to th e ADDEND of PN, hence accumulated in the product 
(PD= PM.PI.DS.S6.C8.C7 .IE). In the event of a multiplier bit equal to ZERO, 
no addition takes place. After the last (lowest order) MQ ONE bit has 
performed its ID x 2" n addition function, the product is complete. If a 
non-ZERO number existed in PN prior to the multiplication, it would be included 
in the product. Sometimes this is convenient; at any rate, programming will 
determine the initial contents of PN. 

D-lOm The "T" number in a multiplication command is interpreted as being 
RELATIVE (sec. C-17p). If T = 114, this allows 57 MQ bits to be interrogated 
(114 WT's = 57 two-word recirculation cycles) hence will form a complete 
product in accordance with a double precision multiplier up to and including 
the lowest order MQ numerical bit (T2.CE). If the multiplier is a single 
precision number, only 28 numerical MQ bits need be interrogated and T may 
be equal to 56 with no loss in product precision. Furthermore if the multiplier 
is a constant, interrogation of MQ bits need only proceed to include the lowest 
order ONE bit. (e.g., if the lowest order one bit is in the 2~-> location, 
only 5 iterations are necessary and T may equal 10 with no loss in product 
precision - each iteration requires 2 word times, the recirculation time 
of a two-word line.) 

D-lOn The MULTIPLY command must be located in an odd word time so that 
the first word time of TRANSFER takes place at an even word time, the begin- 
ning of a recirculation time of a two-word line. The command must be IM- 
MEDIATE and T must be an even number to assure termination of TRANSFER at 
the end of a two-word line recirculation cycle (odd word time). The CH 
and S/D precision bits can contain anything since they do not control anything 
associated with multiply; normally these bits are ZEROS. (SOURCE and 
DESTINATION contents obviously must be 24 and 31 respectively.) 

D-lOo Round-off: Should the total number of significant MQ and ID bits 
exceed 57, the lowest order end of PN will be inaccurate in that bits from 
ID x 2~ n will be lost from the lowest order end of ID. This form of round- 
off is not conventional and should be recognized by the programmer. 

D-lOp The sign of the product is not included in PN but is held in the 
IP FLIP-FLOP. When the product is transferred from PN to memory with a TR 
or TVA characteristic, the sign in IP will be attached to the absolute value 
of the product (sec. C-13) . A multiplication overflow is impossible since 
the product of two fractional numbers will always be fractional. 

SOURCE 25 : DIVIDE 

D-lla DIVIDE, like MULTIPLY, is an automatic sub-routine built into the 
computer hardware. The sub-routine obtains the ratio of two numbers and 
inserts it, bit-by-bit, into the MQ. The operation is: NUMERATOR (PN) -r 
DENOMINATOR (ID) -*- QUOTIENT (MQ) . The quotient may only approach 2 in 

magnitude (i.e., 1.11111 1). For this reason the ratio of PN to ID must 

be less than 2 (i.e. PN/ID<2 or PN<2ID is a requirement of the input data). 
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D-llb A DIVIDE command may be written in several ways as far as TRANSFER 
timing is concerned depending upon the form in which the quotient is desired. 
These are outlined on Drawing 40 - lower right. 

D-llc Cases involving T = 57 or 116 are most frequently used since the 
binary point exists in a conventional location. PN must be< ID to assure 
that the quotient (MQ) will be fractional; an integral bit (2°) constitutes 
an overflow in these cases and will be detected (sec. D-llae). 

D-lld Cases involving T = 55 or 114 have their programming virtues. In 
these cases, if PN/ID£2, a useless quotient will result; furthermore, no 
overflow indication will exist (i.e., FO FLIP-FLOP). The virtue of these 
cases exists in the accommodation of one integral bit (2°). 

D-lle In all cases the quotient information replaces the original contents 
of MQ as indicated on Drawing 40. The final sign bit (Tl-CE) will = and 
the quotient will be in terms of absolute value. 

D-llf In all cases command information must include I/D =0, CH = 1, 
S = 25, and D = 31 to define the command. BP and N will be programmed as 
in any other command. LOCATION of the command must be an ODD word time. 

D-llg The S/D bit can contain anything since other terms in the STATIC 
PORTION of the com mand assure that TS = TE regardless of the S/D bit (see 
dwg. 15: S6»SV«DS^ low during DIVIDE, forbids generation of TS at Tl.CE 
time even though Cl calls for it. Cl means S/D bit = = single precision.) 
If the DIVIDE command calls for only a single precision quotient, the iterations 
involved in its formation are nevertheless dealing with double precision 
registers and the timing must be controlled accordingly. 

D-llh The division algorithm employed by the G-15 is essentially a 
standard one with certain deviations to minimize the electronic control 
circuitry. Drawings 38 and 39 illustrate the evolution of the system employed. 
Drawing 38 figure (A) illustrates "long division" in binary, using the method 
analagous to the decimal system taught in grade school. At the extreme left 
of figure (A) is the abbreviated version of the division; to the right is 
the same example, iteration-by-iteration. Insignificant ZEROS are shown as 
solid lower-case ZEROS and account for 12 binary places. Associated with this 
example are algebraic notations and orders of magnitude as an analysis of the 
proceedings . 

D-lli As the notations suggest, the denominator (ID) times 2 to decreasing 
powers is subtracted from the numerator (PN) to achieve minimum positive 
remainders, whenever ID x 2~ n can be subtracted from the previous remainder 
rendering a positive remainder, a ONE representing 2" n is put in the quotient. 
Whenever ID x 2"" cannot be subtracted from the previous remainder without 
yielding a negative remainder, the subtraction is by-passed (shown as sub- 
traction of ZEROS), and a ZERO appears in the quotient corresponding to 2~ n . 

D-llj This system depends upon an inspection to determine the relative 
magnitudes of ID x 2" n and the remainder from which it will be subtracted 
in order to determine the feasibility of the subtraction to follow. This 
cannot be done by the computer without actually performing a subtraction 
to determine whether the remainder will be positive or negative. 
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D-llk Therefore, the algorithm in figure (B) is considered. This does 
not involve inspection of magnitudes followed by subtraction or no subtraction, 
but instead involves both additions and subtractions of ID x 2" n from PN. 
The remainders are both positive and negative. The sign of each remainder 
determines the following: 

+ remainder : 2~ n quotient bit =1 

next operation will SUBTRACT ID x 2 -11 " 1 

- remainder : 2" n quotient bit = 

next operation will ADD ID x 2" n " X 

D-lll In this case, the same quotient is developed as in the first case 
(fig. A) and the positive remainders are the same. This may be confirmed 
by inspection of the algebraic notations. 

D-llm Note that once an all ZERO remainder is established, all remainders 

to follow must be negative since [- ID x 2~ n + ID x 2~ n ' 1 + ID x 2- n_z 

+ ID x 2 _n " m ] can never be positive; hence all quotient bits developed following 
a ZERO remainder will be ZEROS. 

D-lln The reader will note that in both figures (A) and (B) insignificant 
ZEROS account for a great many of the bit locations. Therefore a system 
illustrated in figure (C) will be considered. This system involves multiplying 
each remainder by 2 and not multiplying ID by 2 to reduced powers. Hence the 
denominator, unchanged, is either added to or subtracted from 2 times the 
preceding remainder. This keeps orders of magnitude of the factors approximately 
in the same range without altering the signs of the remainders. The only 
difference between remainders in figures (B) and (C) is a scaling factor 
which is compensated for by adjustment of the ID scaling factor. In this 
system, bit locations need not be allotted in wholesale quantities to in- 
significant ZEROS. This implies more efficient use of registers hence 
greater precision capabilities of registers of fixed length. 

D-llo This last algorithm is the basis of the G-15D division system. 
However, the G-15D does not have a subtractor. Furthermore, a sign bit 
must be considered. Therefore the algorithm must be adapted to the arithmetic 
system in use and the circuits available. 

D-llp Drawing 39, fig. (D) is a proposition for performing the algorithm 
illustrated on Drawing 38, fig. (C) , but performing subtractions by adding 
COMPLEMENTS of ID. A sign bit is located to the left of the highest order 
(2°) bit position. (The sign bit of the two-word registers oc curs at Tl.CE 
which follows directly the highest order numerical bit, T29-CE). 

D-llq An integral (2°) position is allowed in the example on Drawing 39, 
figure (D) to accommodate shifted negative remainders (i.e., r x 2) which can 
approach 2 in absolute value (see dwg. 38, fig. (C) - orders of magnitude). 
Note that in the proposition on Drawing 39, fig. (D) , the 2° bit and sign 
bit of each unshifted remainder are always alike. It can be proved that this 
will always be the case (considering the fact that signs of augend and addend 
are opposite and the absolute value of any augend cannot exceed twice the 
absolute value of its associated addend). 
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D-llr Since the integral and sign bits in the unshifted remainders 
will be alike, they can occupy the same bit position as shown in Drawing 
39, figure (E). In terms of the PN, where this arithmetic takes place, 
T29«CE is the location of the highest order fractional bit (2 _1 ) and Tl-CE 
(= TE = TS) is the location of the "combination" sign and integral bit. 

D-lls For the sake of division analysis, consider the sign bit of a 
number as following the number rather than preceeding it. There is no 
sign position at the beginning of the number associated with that number. 
Consider the iteration cycle displaced from a standard two-word recirculation 
cycle by a factor of one bit period (i.e., the iteration cycle starts at 
T2«CE, not Tl'CE). Drawing 39, figure (G) illustrates this concept. 

D-llt Note that in Drawing 39, figure (E), when the remainders are 
shifted left one bit (multiplication by 2), they still appear in the same 
form as they did prior to shifting (i.e. NORMAL or COMPLEMENT) except in 
the cases noted "N" . These cases result when a negative remainder in complement 
form exceeds a fractional magnitude when shifted and an overflow exists. The 
shifted remainders in these cases resemble numbers in NORMAL form since their 
sign bits * 0; they are nevertheless COMPLEMENTS. When the addend is applied 
to such a number, END CARRY behavior compensates for the overflow and yields 
the next remainder in correct form. 

D-llu This system (fig.E) would be that used in the computer except that 
the sign bit associated with each unshifted remainder must be reversed. 
This SIGN BIT decides whether an addition or subtraction will take place 
in the next iteration (sec. D-llk) by controlling the IS FLIP-FLOP in the 
INVERTING GATES. The contents of ID, being applied to the EARLY BUS, will 
arrive on the LATE BUS (hence the PN addend) either in COMPLEMENT or NORMAL 
form in accordance with the orientation of IS. 

D-llv At TE (sign) time, the remainder sign (TE«PA) is applied to the 
EARLY BUS and consequently controls IS in accordance with the rules of the 
ADD characteristic (programmed in the command). This means a "1" in the sign 
bit of the sum (PA) will set IS, complementing ID for use as the next addend, 
hence performing a subtraction. This is the exact opposite of the desired 
results. Therefore, the sign bit of every remainder is purposely reversed. 
This is accomplished by applying the wrong sign bit to each addend (i.e. 1 
for +, for -). Drawing 39, fig. (F) illustrates this arrangement. 

D-llw Fig. (G) illustrates fig. (F) in terms of the time axis. This six- 
bit example illustrates the activity in the 58 bit register actually used. 
Note that the first iteration unconditionally involves a subtraction since 
the EB bit at the first pulse period during TRANSFER is a ONE as a function 
of the starting data. 

D-llx During every iteration the IS flip-flop in the INVERTING GATES will 
remain set or reset as a result of the sign of the previous remainder. The 
setting of IS controls the following items: 
Positive remainder, IS is high. 

1) Supply the numerical portion of ID, COMPLEMENTED, to PN 
as ADDEND (for subtraction) 

2) Supply a "0" as sign bit to the PN ADDEND at TE time. 
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3) Allow a "1 " t o be retained by MQ as quotient bit. 
Negative remainder, IS is high 

1) Supply the numerical portion of ID, UNCOMPLEMENTED , to 
PN as ADDEND (for addition) 

2) Supply a "1" as sign bit to the PN ADDEND at TE time. 

3) Do not allow a "1" to be retained by MQ as quotient bit 
(i.e. quotient bit = 0) 

D-lly Regardless of the remainder of the final iteration prior to termination 
of TRANSFER, a "1" is entered as the lowest order quotient bit. This is 
known as the PRINCETON ROUND-OFF and has its mathematical virtues. 

D-llz Drawing 41 illustrates the 6-bit example used during this evolution 
in terms of actual signals associated with the circuits involved in a division. 
A block diagram of the DIVIDE circuits is shown on Drawing 40. 

D-llaa ID supplies the EARLY BUS by virtue of S6-SV which is the same term 
that allows ID to feed EB when ID is programmed as SOURCE, and DESTINATION 
is not 31. 

D-llab QUOTIENT: The MQ precesses to the left during a divide operation. 
During every cycle a "1" is inserted in the line at T2*CE time (lowest order 
bit). 2 word times later at T2-CE time, the state of IS (a function of the 
previous remainder's sign) determines whether or not this "1" can reach the 
writing station at T3*CE time and be retained as a quotient bit = 1. 

D-llac Since division is terminated by the TRANSFER terminating pulse, which 
occurs at T29, the last "1" written at T2-CE time will not be blocked; this 
provides the PRINCETON ROUND-OFF. 

D-llad At the conclusion of a division the MQ will contain the absolute value 
of the quotient with a precision which is a function of the number of 
iterations, hence the T number. The sign bit, now again considered at the low 
end of the number will contain ZERO. The actual quotient sign is held in IP 
and will be applied to the number when it is transferred to memory (sec. C-13). 

D-llae OVERFLOW: If at the time of TR r , (TR reset pulse) a "1" exists in the 
reading flip-flop of MQ, it represents a 2" quotient bit = 1 and constitutes an 
overflow in the cases when a fractional quotient is called for by programming 
T = 116 or 57. The reason that a single precision division is programmed to 
last 57 word times, rather than an even number, is so that the TR,. pulse will 
occur at T29-CE time (rather than T29'CE)and will interrogate the state of 
the appropriate bit. In the event of an overflow, (x) (=DIVIDE-PR'TR r ) will 
set the OVERFLOW FLIP-FLOP (F0) . 

SOURCE 26 : SHIFT MQ LEFT AND ID RIGHT 

D-12a Ref . Drawing 36: This command performs the SHIFTING operations by 
virtue of the same circuits employed by MULTIPLY (which also shifts MQ left and 
ID right). CONTROL SWITCH terms control precession of ID and MQ during the 
time of TRANSFER. 
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D-12b Also high during TRANSFER is the term Tl-CE*DS'S6'C8- ($) , which turns on 
the CARRY FLIP-FLOP (AC) of the ACCUMULATOR REGISTER (AR) . This results in 
adding a ONE to the lowest order numerical bit position (T2) of AR during every 
ODD word time of the time of TRANSFER if characteristic is 0. The number in 
AR will be "incremented" once every two word times and will count the number 
of bit positions the contents of ID and MQ are shifted. 

D-12c Assume that n is the desired number of bit positions of shift to be 
imposed upon ID and MQ. If this number is established in AR (prior to the 
shift command) as a negative number (in complement form) it will appear as 
1 - n x 2 . 

D-12d Once the TRANSFER state of the SHIFT command is initiated, at the 
beginning of an EVEN word time, precession will take place in ID and MQ. 
At the end of each recirculation cycle of the two-word lines (T29-CE) the 
sum in the AR will have been increased by 2*28. That is, after the contents 
of ID and MQ have shifted one bit, AR will contain 1 - n x 2~ 28 + 2 -28 = 1 - 
(n-l)x2~ 28 . After 2n word times of TRANSFER, the contents of ID and MQ 
will have been shifted n bit positions and AR will contain 1 - (n-n) 2" 28 = 1 - 
0. 1 - in the AR yields all ZEROS in the numerical poction (T2-T29) and 
an END CARRY into Tl to change the sign bit to 0. The END CARRY set term, 
AC S , occurred at T29«CE - the end of the two-word recirculation cycle which 
yielded n bits of ID and MQ shift. 

D-12e The AC S term can terminate TRANSFER by the CLj. gate qualified by 
AC S 'T29«CE'DS«S6'SW, active during the execution of a SHIFT command (see dwg. 30) 
This means that the number in AR can control how many bits of shift the 
contents of ID and MQ will experience. 

D-12f The T number of the SHIFT command can also cause termination of 
TRANSFER by virtue of T29-CC. The T number of a SHIFT command is RELATIVE 
hence states how many word times TRANSFER can last. If n bits of shift are 
desired, T should equal 2n. 

D-12g The number of bits of shift can be controlled either by T29*CC or AC S . 
Whichever one of these signals precedes the other will control termination 
of TRANSFER. The order in which these signals arise is a matter of 
programming. In any event, AR will be incremented if CH =0. Should the 
increment AR feature be unwanted a non-zero characteristic may be used. 

D-12h Needless to say, the command must be located in an ODD word time and 
be IMMEDIATE to yield TRANSFER starting with an EVEN word time to accommodate 
an integral number of two-word recirculation cycles. The S/D bit can contain 
anything since it controls nothing associated with this command. 

SOURCE 27 ; NORMALIZE MQ 

D-13a Ref. Drawing 36: A number in MQ is normalized when the highest order 
numerical bit position (T29-CE) contains a ONE. (i.e. l/2<n<l). During the 
time of TRANSFER, a NORMALIZE command will cause MQ to precess, shifting its 
contents to the left one bit position every two word times. The NORMALIZE 
command must be written as IMMEDIATE and be located at an ODD word time. Its 
T number is interpreted as relative. 

D-13b As in the case of the SHIFT command, AR is incremented every odd word 
time of TRANSFER if CH = 0; however, AR has no control over TRANSFER. 
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Incrementing AR serves only to record the number of bit positions of shift 
experienced by MQ for later program reference. 

D-13c The NORMALIZE operation can be terminated by two different terms. One 
is the T29-CC which is a function of_the T number. The other term is a 
function of the contents of the T29-CE position of MQ itself. If a ONE is 
written in MQ at T29-CE time, the PM flip-flop will be set; a ZERO written 
at that time will reset EM. When a number in MQ is being shifted left, PM 
will remain reset until a ONE is shifted up to the highest order bit position, 
hence written at T29-CE - setting PM. When PM is set, PM-DS-S6-SX will 
terminate TRANSFER, stopping the shift. As in the case of the SHIFT command, 
whichever terminating signal arises first will terminate TRANSFER. 

D-13d Since a T29-CE pulse sets PM, and PM terminates TRANSFER, TRANSFER will 
not be terminated until the end of Tl-CE (due to the one pulse period delay 
between the rise of a. SET term and CLOCK). This is tolerable since during 
Tl-CE time nothing can be written in MQ to alter its contents because TE 
qualifies the writing term during precession. The advantage in using PM to 
terminate TRANSFER rather than another suitable pulse (such as PMs) is that 
if a number to be NORMALIZED already has a ONE in its T29«CE position when 
TRANSFER starts, TRANSFER will be terminated by PM after one pulse period 
preventing any shift. The only result of TRANSFER lasting one pulse period 
will be blocking recirculation of the sign bit which should be ZERO anyway. 

SOURCES 28 AND 29: TEST COMMANDS 

D-14a These commands all test certain signals. In the event the selected 
signal is present, CQ will be set and the next command will be read during 
WT = N+l instead of WT - N. (Ref. dwg. 30 and sec. C-19). One word time of 
TRANSFER is all that is required, so these commands are ordinarily written 
IMMEDIATE with T - L+2. 

D-14b SOURCE 28 -CH = 0, TEST "READY": DS-S7-SU- (?) .READY sets CQ. READY is 
a signa l w h ich is high whenever the INPUT-OUTPUT system is idle and is defined 
as 6ci'6c2.0C3'OC4'OD. READY is ordinarily interrogated prior to the 
initiation of a new INPUT-OUTPUT operation. 

D-14c SOURCE 28-CH - 1, TEST "READY IN": DS • S7 • SU • (T) • READY IN sets CQ. 
READY IN is a signal which can originate in the INPUT-OUTPUT REGISTER 
accessory. 

D-14d SOURCE 28-CH - 2, TEST "READY OUT": DS-S7-SU* (f) -READY OUT sets CQ. 
READY OUT can originate in the INPUT-OUTPUT REGISTER. 

D-14e SOURCE 28-CH = 3, TEST "DA-1 OFF" DS-S7 -SU- (3) -GO sets CQ. GO 
originates in the DA-1 (DIGITAL DIFFERENTIAL ANALYZER) accessory. 

D-14f SOURCE 29, TEST OVERFLOW: DS-S7-SV-F0 sets CQ. If the OVERFLOW FLIP- 
FLOP (F0) was set during some previous operation, this command will interrogate 
it and set CQ accordingly. Upon interrogation, FO is reset by DS-S7-SV-F0.CQ, 
at T2 time. 

SOURCE 30: MAGNETIC TAPE WRITE FILE CODE 

D-15 (See sec. F-13) 



- 62 - 

SOURCE 31- CH ■ 0; NEXT COMMAND FROM AR 

D-16a This command allows the following command (and the following command 
only) to be read from AR instead of the normal command line established by 
the configuration in the CD flip-flops. READ COMMAND timing considerations 
remain unchanged. One word time of TRANSFER is sufficient, hence the command 
is usually written IMMEDIATE with T = L+2. During TRANSFER, DS«S7'SX«© 
sets CG (ref. dwg. 22). When the next command is read, CG permits AR«RC to 
constitute the INVERTED COMMAND and simultaneously blocks MC, which is the 
normal inverted command line information. After this next command has been 
read, T29-RC resets CG and normal operation resumes. 

D-16b (<F>-<SA> + TAPE START). WORD 107 + <0F> is applied to the reset term 
of CG so that AR will not be the command source for the first command executed 
after the turn-on cycle or after use of the F or P key functions. (The <0P> 
term is a redundancy since TAPE START includes AUTO TAPE START, which rises 
during the turn-on cycle. For this reason, the <0P> term has been eliminated 
from CG r in some models.) 

SOURCE 31« CH - 1; TRANSFER NT to LINE 18 

D-17 The NUMBER TRACK (CN) contains information for timing purposes; 
however, this information constitutes a handy source of constants especially 
useful for diagnostic routines. CN may be transferred to LINE 18 (M18) by 
the M18 writing term DS'S7'SX*^. No provision is made for blocking re- 
circulation of M18 by this command; therefore, a command clearing the 
appropriate word(s) of M18 should precede the operation unless M18 is known 
to be cleared. Otherwise, M18 will contain the logical sum of M18 and the 
NUMBER TRACK in the words affected by this command. 

"DO NOTHING" COMMANDS 



D-18 A variety of SOURCE, DESTINATION, and CHARACTERISTIC configurations 
will cause no activity other than cycling the computer through its states. 
If the intent is to "kill time", the recommended "do nothing" command is: 
SOURCE - 00, DESTINATION - 00, CH - 0. Use of other "do nothing" configurations 
could conflict with future applications of optional peripheral devices. 
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SECTION E 



MANUAL CONTROLS 



This section, although small, may constitute the 
handiest reference material for the reader who 
will actually operate and/or maintain a G-15D. 
Many of these controls merely duplicate the func- 
tions of commands. 
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MANUAL OPERATIONS - GENERAL 

E-la The G15 is equipped with several switches to perform logical functions. 
Most of these are located on the typewriter, though some are located inside 
the computer on a maintenance panel. 

E-lb Drawing 42 shows the typewriter keyboard and the switch panel with 
indications of the functions. In general, the switches are for the purpose of 
setting up the computer prior to the performance of a program. They are 
also useful for diagnostic purposes. 

E-lc Many of the controls deal with INPUT-OUTPUT functions or other 
material covered in sections of this manual to follow. These controls will 
be mentioned in this section; however, to fully understand their functions 
it is necessary to understand the associated circuits. 

E-ld Many of the manual controls are typewriter keys. Associated with 
each typewriter key is a mechanical switch which will close for at least 
30 milliseconds (one drum cycle) when the key is depressed. When a 
particular switch closes, its floating point is grounded yielding OV on 
its output wire; when the switch is open, its floating point is held at 
-20V by a PULL-DOWN resistor. For example, if the "M" key is depressed, 
its associated switch contact closes, rendering the output signal, <M>, at 
0V (see dwg. 43 - upper right.) If the switch is not closed, a Ik PULL- 
DOWN resistor to -20V renders the output signal, <M>, at -20V. In other 
words, <M> can qualify a gate if the "M" key is activated. 

THE ENABLE SWITCH - <SA> 

E-2 The ENABLE SWITCH, located on a component chassis underneath the 
typewriter, is a toggle switch, which, when closed, will yield the signal 
<SA>. <SA> , sometimes called "SAFETY", qualifies certain gates in the com- 
puter for purposes which will become apparent as the other switches are 
discussed. In general, when most typewriter keys are depressed, the ENABLE 
switch must be ON for the computer function to be performed. This prevents 
accidental activation of a key from affecting the computer. If the notation 
<M><SA> is made, this means that the "M" key is depressed with the ENABLE 
switch ON. In addition to its gating functions, <SA> can interrupt a TYPE- 
OUT operation (sec. F-8u.) 

THE PUNCH SWITCH - <MAN PUNCH> 

E-3 This switch, if ON, yields the signal <MAN PUNCH>. <MAN PUNCH> will 
cause the punch to operate during TYPE-OUT operations (sec. F-8ae). The 
state of this switch may be interrogated by a TEST command (sec. D-36). 

THE COMPUTE SWITCH - <GO>, <G0> , and <BP> 

E-4 See section C-20. 
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"I" KEY - SINGLE CYCLE - <E> 

E-5 If the COMPUTE switch is on the <GO> position, activating the "I" key 
(with the ENABLE switch ON) will allow one command to be executed. The 
sequence of events is as follows (ref. dwg. 30, upper left): 

(1) CH-CZ: initial condition established by_absence of <G0> + <BP>. 

<£>-<SA> allows TO to set CZ. CH-CZ lets T21-CC set CJ and 

allow a command to be read_(i.e. RC is generated). 

when command is read, RC-<G0> sets CH preventing another 

command from being read. 

when <I> drops to -20V the next TO resets CZ. 

CZ resets CH. (This was the initial condition.) 
TO is used to control CZ to prevent more than one command from being read as 
a result of "I" key contact bounce. The SINGLE CYCLE feature should be used 
with caution when RETURN EXIT commands exist in a program (sec. D-61). 

"C" KEY - SET COMMAND LINE = 00 - <C> 

E-6 Ref. Drawing 22 - lower right: <C><SA> resets the CD flip-flops yielding 
the 000_configuration. CD1-CD2-CD3 qualifies the gate permitting MO to 
become MC, thereby rendering LINE 00 the COMMAND LINE. 

"1" - "7" KEYS - SET COMMAND LINE 



(2) 


CH-CZ: 


(3) 


CH-CZ: 


(4) 
(5) 


CH-CZ: 
CH-CZ: 



E-7a These are dual function keys. They are used primarily for generation 
of codes to supply digital data to the computer under control of the INPUT- 
OUTPUT SYSTEM. Their other function is that of controlling the CD flip- 
flops, hence the COMMAND LINE. 

E-7b In the component chassis under the typewriter is an array of diode 
OR gates known as the TYPEWRITER OUTPUT MATRIX. This is an encoding circuit 
which yields '5-level' codes as a function of several data-input and input- 
control keys. (This will be discussed more fully in sec. F-3c-f). 

E-7c For the time being, the 1-7 keys generate codes such that signals 
known as TYPE 1, TYPE 2, and TYPE 3 assume 7 different configurations. 
These signals, providing <SA> is high, and the INPUT-OUTPUT system is idle, 
can set the CD flip-flops, hence the command line as follows: 



Key Type 3 Type 2 Type 1 CD3 CD2 CDl Coram. Line 
(C 

1 1 

2 1 

3 1 1 

4 1 

5 1 1 

6 1 1 

7 111 

E-7d The CD's must be reset prior to each set-up operation since the TYPE 
levels will only serve to set the CD flip-flops and will not reset them. 
Ordinarily, to manually set a new command line, the sequence is: <0«<SA>, 
then »l"-»«7" <SA>. Drawing 22 illustrates the circuit. 












00) 








1 


01 





1 





02 





1 


1 


03 


1 








04 


1 





1 


05 


1 


1 





19 


1 


1 


1 


23 



66 



"F" KEY - SET "N" » 00 - <F> 

E-8a The "N" number in the COMMAND REGISTER causes the generation of T21-CC 
during WT = N-l to initiate RC. N is ordinarily a function of the previous 
command; however, means must be provided to establish the initial N number 
for the first command in a program. 

E-8b The "F" key provides this feature by manipulating the COMMAND REGISTER 
such that on subsequent cycles a T21«CC will occur during WT 107, causing 
the first command to be read at WT 00. 

E-8c (Ref . dwg. 22 - left) The "F" key will only be used when the computer 
is idling in the WAIT TO READ COMMAND state. This means that: (1) CJ will 
remain high, and (2) WORD 107 ( = Tl-CN + CT + TO) will be high during all 
of word 107 of each drum cycle. When the "F" key is activated, with the 
ENABLE switch ON, <F>-<SA>-W0RD 107- CJ will raise the AUGEND term of the 
COMMAND REGISTER, inserting all "l's" during word 107. As a result of the 
arithmetic in the COMMAND REGISTER, a T21«CC will be generated during word 
107 of all subsequent drum cycles and will result in the next command being 
read from WORD 00 when the COMPUTE switch is placed on GO or BP. 

E-8d It should also be noted that since during word 107 all CM AUGEND bits 
are rendered ONES, any previously established MARK established by a MARK EXIT 
command is obliterated and word 00 is substituted. (The effect on the T29-CC, 
which establishes TRANSFER timing, is of no consequence since it will be 
altered by the next command which is read.) 

E-8e <F>*<SA>'W0RD 107 also sets CH and resets CQ and CG, assuring that 
(1) the computation cycle is stopped, (2) the first command is read from 
word 00 and not 01, and (3) that the first command is not read from AR but 
from the line selected by the configuration of the CD flip-flops. 

"M" and "R" KEYS - MARK and RETURN - <M> and <R> 

E-9a These keys act as a pair. (Do not confuse their functions with the 
MARK EXIT and RETURN EXIT commands.) Frequently it is desirable to interrupt 
a problem and manually perform some functions which may serve to alter the 
contents of the ACCUMULATOR REGISTER (AR) and/or the COMMAND REGISTER (CM) . 
In such cases it is desirable to store the original contents of AR and CM, 
perform the manipulations, then return the original contents to AR and CM. 
MARK stores the information, RETURN returns it. 

E-9b MARK: (Ref. Dwg. 59) The signal MARK (=<M><SA> -["WORD 107"]) causes 
the contents of AR to be written into word 107 of LINE 1. Simultaneously 
MARK blocks recirculation of LINE 1. At the same time, MARK causes the 
inve rted contents of CM (i.e. CM) to be written into word 107 of LINE 0; 
MARK blocks recirculation of LINE at this time. This suggests that word 
107 of LINES and 1 should be reserved for this function and not employed 
in any program. 

E-9c RETURN: (Ref. Dwg. 59) The signal RETURN (=<R><SA>["W0RD 107"]) blocks 
recirculation of AR (AUGEND term) during word 107 inserting Ml as the ADDEND. 



67 - 



The writing term will be the original contents of AR prior to the MARK 
operation. RETURN substitutes MO for CM as the AUGEND term of the COMMAND 
REGISTER during word 107. The double inversion experienced by original CM 
information is compensatory. Since MARK and RETURN both performed their 
functions during word 107, the arithmetic in the COMMAND REGISTER is effec- 
tively unaltered and T29«CC, T21«CC, and T13«CC will appear during the same 
word times as they did prior to the MARK. 

"T" KEY - "N" to AR - <T> 

E-lOa The object in this operation is to transfer "N" number information to 
the AR where it can be viewed on an oscilloscope or typed out. This is 
particularly useful in "checking out" new programs to see if they follow the 
sequence anticipated by the programmer. 

E-lOb Since the "N" number is in the dynamic portion of a command, it is 
sent to the COMMAND REGISTER and modified every word time by the arithmetic, 
presenting a monitoring problem. Therefore, evidence of the "N" number, 
T21«CC, is used to obtain a constant representing "N". The NUMBER TRACK 
(CN) contents immediately following T21*CC consists of the 'WT+1' factor. 
Since T21*CC occurs during WT = N-l, and the contents of CN during that 
word time equals WT+l, the CN data = WT+l = (N-l) +1 = N. This data, 
during T22-T28, is transferred from CN to AR as illustrated on Drawing 59. 
The T1-T21 portion of AR remains unchanged. 

E-lOc When N = 00, T21*CC occurs during WT 107 yielding CN information =20 
rather that WT+l (See Dwg. 6). This results in ambiguity between the indica- 
tions from CN arising from N = 00 and N = 20. For this reason, whenever 
T21«CC occurs during word 107, TO is written into AR yielding 10010100 as 
the configuration in the highest order eight bits of AR. (i.e. 94^ 3 00 10 .) 

E-lOd Usually when N is transferred to AR by "T" key operation, an AR 
TYPE-OUT follows (initiated by the "A" key). AR is ordinarily typed out 
in terms of SIGN and 7 HEXADECIMAL DIGITS. The highest order two hex. 
digits indicate the "N" number (i.e. LOCATION of the next command). 
The table on Dwg. 4 can be used for hex. to decimal conversion. 

E-lOe Needless to say, the original contents of AR are disturbed, therefore 
the MARK and RETURN keys could be used to advantage. A typical sequence in 
SINGLE CYCLING a new program and producing a record of command locations is: 
M-T-A-R-I-M-T-A-R-I-M-T-A-R-I 

"A", "Q". "P". "B". and "S" KEYS - INPUT/ OUTPUT 

E-lla These keys are for purposes of manually initiating or terminating 
INPUT-OUTPUT Operations. Reference is directed to the INPUT-OUTPUT section 
of this manual (sec. F) and to Drawing 45. 

E-llb "A" KEY - TYPE AR: <A><SA>-(S) sets the OC's to a 1000 configuration 
and sets the OD flip-flop, initiating a TYPE-OUT AR. <SA> must be released 
before any typing will occur. 
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E-llc "Q" KEY - SET TO TYPE IN: <Q><SA> sets the OC's to a 1100 config- 
uration, rendering the INPUT system receptive to typewriter input-data and 
input-control keys. 

E-lld "P" KEY - PHOTO-TAPE READ, SET COMMAND LINE = 23 and N = 00: <P><SA> 
sets the OC's to a 1111 configuration, starting the PHOTO-TAPE READER. Also, 
<P><SA> generates the TAPE START signal (ref. dwg. 22). TAPE START- ["WORD 107"] 
duplicates the function of the "F" KEY, setting N = 00. TAPE START also 
sets the CD's to a 111 configuration, establishing LINE 23 as the COMMAND 
LINE. The last two functions are a convenience for the operator. 

E-lle "B" KEY - START PHOTO- TAPE REVERSE CYCLE: <B><SA> sets the OC's to 
a 0110 configuration, initiating a PHOTO- TAPE REVERSE CYCLE (see sec. F-5) 

E-llf "S" KEY - STOP INPUT-OUTPUT: <S>> «SA>+bci«0C2) resets the OC flip- 
flops, manually terminating any INPUT-OUTPUT operation. It is not necessary 
to hold the ENABLE switch ON when using the "S" KEY to terminate a TYPE-IN. 
(Do not confuse the function of this key with that of the STOP code.) 

LOGIC PUSH-BUTTON MAINTENANCE SWITCHES 

E-12a A small maintenance panel is located inside the computer behind the 
power control panel. This panel includes many banana jacks yielding frequently 
needed oscilloscope signals for "SYNC." and "Y-AXIS". Also, six push-button 
switches exist as follows: 



CLEAR SET 

M19 M19 
M23 OP 

NT NT 

E-12b These switches perform logical functions associated with the initial 
TURN-ON CYCLE and are described in the section on that subject - Section G-3. 
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SECTION F 



THE INPUT- OUTPUT SYSTEM 

This section accounts for the subdivision of the computer 
without which there could be no communication between the 
computer and the operator. Prerequisite knowledge should 
include the contents of Sections A, B, and C-15. The 
principle of PRECESSION should also be understood; ex- 
amples of this are given in Sections D-lOc-j . 
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THE INPUT- OUTPUT SYSTEM - GENERAL 

F-la The INPUT-OUTPUT SYSTEM of the G-15D may almost be considered an 
independent data processing system. Its logical linkage to the COMPUTER 
PROPER is very loose. It utilizes some of the basic timing signals and two 
of the programmable memory lines, ML9 and M23. Another memory line, MZ 
(a 4 word line), is "private property" of the INPUT-OUTPUT system and 
facilitates certain data handling functions. An INPUT or OUTPUT operation 
and a program can progress concurrently as long as LINES 19 and 23 are not 
involved in the program. 

F-lb The different INPUT-OUTPUT operations available are listed on Drawing 
3 as SOURCES 00-15 and 30. The SOURCE 30 operation is a special case and 
does not employ the INPUT-OUTPUT SYSTEM. It will be discussed separately 
in sec. F-13. 

F-lc Note that the sixteen INPUT-OUTPUT operations (defined by SOURCES 
00-15) are divided into four categories: FAST-OUT, FAST- IN, SLOW-OUT, 
and SLOW- IN. These states of the INPUT-OUTPUT system define the nature of 
the operation in progress; further subdivision selects the particular INPUT- 
OUTPUT medium to be active. 

F-ld A central control circuit for all INPUT-OUTPUT operations exists in 
the form of a 4-bit static register composed of the 0C FLIP-FLOPS: 0C1, 
0C2, 0C3, and 0C4. Note on Drawing 3 that each operation is represented 
by a binary configuration in these flip-flops. The configurations are the 
same as the SOURCE number (i.e., 00-15). 

F-le In general, when no INPUT- OUTPUT operation is in process the OC 
configuration is 0000 - representing the "READY" state. A particular INPUT- 
OUTPUT operation may be initiated by setting these flip-flops to the 
appropriate configuration. While they are set in a non-zero configuration 
the INPUT or OUTPUT operation takes place. Normally a signal within the 
INPUT-OUTPUT SYSTEM itself will call for termination of the operation and will 
accomplish this end by resetting the OC flip-flops to the all-ZERO configu- 
ration (READY state). The latter may also be accomplished manually ("S" Key), 
or by a special command (SET READY). Once the READY state is established, 
a new INPUT-OUTPUT operation may be initiated. (The special command, "TEST 
READY", permits a programmable interrogation of this state - ref. sec. 
D-14b.) 

F-lf The contents of the OC flip-flops are decoded, yielding signals which 
serve to control the logic of the INPUT-OUTPUT circuits and also the 
activity of the various electro-mechanical INPUT-OUTPUT media. The means 
of controlling the OC's varies. A glance at Drawing 45 should acquaint the 
reader with the various OC control options and the output signals from the 
decoding gates. Neon indicators on the front panel monitor the state of the 
OC'S at all times. 

OC FLIP-FLOP CONTROL 

F-2a PROGRAMMED OC SET-UP: Whenever the READY state is present, an INPUT- 
OUTPUT operation may be initiated by a special command. Such a command 
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involves DESTINATION - 31 and SOURCE =00-15. In these cases the contents 
of the SOURCE flip-flops in the CONTROL SWITCH will contain a configuration 
such that the 2 4 bit is equal to ZERO. The_2 4 static flip-flop is CV; 
therefore, during the time of TRANSFER, DS^CV will be high and is used to 
transfer the 2° - 2 3 source information to the OC' S as shown at the top of 
Drawing 45. Once this OC configuration is established, new commands may 
be read and executed independently of the INPUT-OUTPUT system, provided 
LINES 19 and 23 are not involved in the program. 

F-2b MANUAL OC SET-UP: This has been partially covered in sec. E-ll. 
Drawing 45 (left) illustrates the options. More will be said about these 
functions under the appropriate headings (e.g., the "A" key, hence <A><SA>, 
will be discussed in sec. F-8, which includes AR TYPE-OUT). 

F-2c OC RESET: Drawing 45 (lower left) shows these options. As the notes 
suggest, the means of resetting the OC'S (other than manually) depend upon 
the nature of their configuration. These too will be discussed under the 
appropriate headings. 

THE INPUT MEDIA 

F-3a When the OC'S assume the configuration llxx, a SLOW IN operation is 
called for. The highest order two bits (configuration OC4-OC3) set up the 
logic circuits with qualifying signals IN and SLOW IN. The lowest order 
two bits determine which input medium is to be active but do not in all 
cases directly control the particular medium. 

F-3b Before the behavior of the INPUT LOGIC circuits can be intelligently 
discussed, the INPUT MEDIA themselves must be understood. The sections to 
follow will attempt to accomplish this end. 

F-3c TYPEWRITER: Ref. dwg. 43) when the typewriter is to be used as the 
input medium, manual activation of certain keys supplies data-input characters 
(hexadecimal) and functions in terms of 5-level codes. These codes appear on 
five signal wires: TYPE 1, TYPE 2, TYPE 3, TYPE 4, and TYPE 5. Drawing 46 in 
the INPUT-ORIGIN- TYPEWRITER column indicates the active keys and the codes they 
generate. 

F-3d Generation of these 5-level codes is accomplished in an encoding circuit 
known as the TYPEWRITER OUTPUT MATRIX. This is nothing more than an array of 
OR gates such that when any of the 20 typewriter keys which produce codes is 
activated, its switch contacts will raise the appropriate output level lines 
to 0V to represent ONES (see dwg. 43). Any level line not raised to OV by 
an OR gate diode is held at -20V by a 4.7k pull-down resistor (indicated on 
the DETAILED PRINT - 3D282). Each one of the five output level lines except 
Type 4 is provided with an R-C filter to integrate the signal with a suitable 
time constant to reduce signal irregularities due to point bounce and transient 
effects. This is necessary to prevent an electronic synchronizing circuit in 
the computer from being illegally triggered. These output level lines con- 
tain the typewriter output signals for the INPUT system. 

F-3e In addition to these level signals, "F-B" reaches the computer for 
synchronization purposes. This signal is required for proper operation of 
the INPUT-OUTPUT system when the typewriter is used as the OUTPUT medium; 
however, it will reach the input system and must be mentioned. The signal 
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will be high if the SPACE BAR, SPACE KEY or PERIOD key is activated. The 
line is provided with an R-C filter since this signal will be used to trigger 
the synchronization circuit mentioned above. This function will have no 
effect on the INPUT system as far as data entry is concerned. 

F-3f All of the signals mentioned above may be expected to last at least 30 
milliseconds (over one DRUM CYCLE). 1/10 second is the average duration. 

F-3g PHOTO-TAPE READER: (Ref . dwg. 44) This device "reads" the 5-level 
codes punched on a paper tape. The nature and sequence of the codes are a 
function of how the tape to be read was punched. This is ordinarily a 
function of the OUTPUT system of the computer and the programming thereof. 
The PHOTO-TAPE READER supplies the INPUT SYSTEM with the codes on 5 level 
lines: PHOTO 1, PHOTO 2, PHOTO 3, PHOTO 4 and PHOTO 5. These signals are 
similar to those originating in the typewriter but are of much shorter du- 
ration and occur in rapid succession. The PHOTO-TAPE READER will supply, 
as output, any code appearing on the tape being read; however, only the 
codes indicated on Drawing 46, column INPUT- ORIGIN- PAPER TAPE should ever 
appear . 

F-3h Assuming that photo-electric reading circuits exist, the problem of 
tape motion will now be considered. Motion of the tape can assume two di- 
rections past the reading station - FORWARD and REVERSE. The direction is 
a function of torque delivered by two motors which constitute the prime- 
movers of reels containing tape in a magazine. (Which reel is the FEEDER 
and which is the COLLECTOR varies with the direction of motion.) 

F-3i Torque applied to the reels is a function of two relays: the FORWARD 
relay (RY-A) and the REVERSE relay (RY-B) . Assume that the FORWARD relay 
is energized. Points on this relay will accomplish the following: 

1) Apply 115 VAC to the upper winding of the two-phase TOP MOTOR. 

2) Apply 115 VAC to the lower winding of the TOP MOTOR via the 1.2mf 
starting condenser Cl such that the phase relationship results in 
counterclockwise (from front) torque. 

3) Apply reduced AC (function of R12 setting) to the upper winding of 
the BOTTOM MOTOR. 

4) Apply reduced AC to the lower winding of the BOTTOM MOTOR via the 
1.2mf starting condenser C2 such that phase relationship results 
in counterclockwise (from front) torque. The amount of torque is 
sufficient to overcome friction of the feed reel system. 

5) Complete circuit to energize illuminator lamp (for photo-electric 
circuit). 

6) Charge C3A and C3B (80 mfd each) to peak value of line voltage to 
prepare for "dynamic braking". 

F-3j The result of the above is that the tape will move in a FORWARD (up- 
ward) direction past the reading station and will be illuminated. The 
linear speed of the tape is a function of the angular velocity of the motors 
and the radius to the point of tangency of the tape on the reels. Therefore, 
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no specific linear speed can be given. Linear speed is considered to average 
20 inches/sec yielding an average rate of 200 characters /sec. Applying 
assisting torque (reduced) to the feed reel overcomes friction and improves 
acceleration characteristics. (Too much assisting torque could result in 
tape spillage. A ik potentiometer, R12, is adjusted so that with no 
magazine on the reader, the feed reel drive is just on the verge of creeping.) 

F-3k Had the REVERSE relay been energized instead of the FORWARD relay, the 
above functions would have been performed except that the torques would have 
been clockwise and the BOTTOM MOTOR would have yielded full torque while the 
TOP MOTOR would have yielded reduced (assisting) torque. 

F-31 Whenever either relay is de-energized yielding the "no-go" state 
following a "go" state, the charged 80 mfd condensers (C3A and C3B) are 
connected by relay points to the windings of each motor supplying "dynamic 
braking". By the time the charges have been spent, the motors should be 
stopped and the circuit static. Various R-C and L-C circuits distributed 
about the schematic are for transient suppression purposes. 

F-3m Relay control: Controlling the relays controls the reader. Usually 
the relays are energized by puller tubes caused to conduct by signals from 
the OC flip-flops (FORWARD - 1111, REVERSE = 0110 or 0111). The puller tubes 
may also be controlled by a front panel switch: FORWARD-REWIND. It turns on 
the appropriate puller tube but breaks the illuminator lamp circuit to 
prevent any reading activity. 

F-3n Reading activity assumes that the tape is in motion and the illuminator 
lamp is lit. There are six channels to be read: LEVELS 1-5 and SPROCKET 
HOLE. The SPROCKET HOLE is read to provide a time-gating signal to probe 
for the presence or absence of LEVELS 1-5. The gating accomplishes the 
following: (1) it assures that the output signals on the level lines are 
simultaneous and of roughly the same shape, and (2) it overcomes the 
adjacent-hole problem, in which the signal between adjacent holes does not 
decay to zero signal level due to the optics. This is illustrated at the 
bottom of Drawing 44. 

F-3o IN77B photo-diodes are used as the photo-sensitive elements for each 
channel. These diodes have the following characteristics: high back- 
resistance when dark and low back-resistance when illuminated. By placing 
such a photo-diode in a voltage-divider such that its back-resistance 
constitutes a variable resistance in the voltage-divider, a varying 
potential may be obtained which is a function of the light striking the 
cell. 

F-3p The SPROCKET ceil, CR 13, is connected in such an arrangement, with 
the negative return at -24.6V (jet. R55-R66) and the positive return at 
+1UUV. The junction of CR13 and R17 (clamped by CR7 so it cannot exceed 
0V) yields an output potential which should equal 0V when the ceil is dark 
and approach -24.6 when the cell is illuminated. Potentiometer Rl8 (2.5 
meg) permits adjustment ot the series resistance to "custom- tailor" the 
voltage divider parameters to the back-resistance characteristics ot the 
particular cell. 

F-3q Potentiometer R18 ("S") is available on the side ot the PHOTO-READER 
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and is adjusted for a desirable oscilloscope indication at test point "S", 
which contains the output of a cathode- follower (V2A, pin 3). This follows 
the potential at the CR13-R17 junction. Desirable indication consists of 
maximum signal output (approaching -20V) with no base-line (OV) noise. If 
the adjustment renders the circuit too sensitive to light, translucency of 
tape can be a problem. 

F-3r The SPROCKET level cathode-follower (V2A) supplies a gating signal to 
the five other channels such that only during the time of the SPROCKET 
signals can the other levels yield an output signal if illuminated. 
The five voltage dividers in the other channels resemble that of SPROCKET 
except that the negative returns are connected to the SPROCKET channel 
cathode- follower. This means that between sprocket holes, when the cathode- 
follower output is at OV, the level photo-diodes (cathodes) cannot yield a 
signal less than OV regardless of illumination. However, should a level 
be illuminated, during the time that the sprocket signal approaches -20V, the 
level photo-diode will yield a signal approaching -20V. 

F-3s Such a level signal is inverted by its associated triode. The plate 
circuit of such a triode yields a positive-going signal clamped at OV and 
with a base line of approximately -20V (negative clamping is not necessary 
considering the nature of the circuits to follow). A degenerative circuit 
is connected to the cathode of each triode. This will not alter the peak- 
to-peak value of the output signals but will offer reduced gain to un- 
desirable high frequency components on the leading and trailing edges. 
These high frequency components are further suppressed by .0018 mfd inte- 
grating condensers on the output lines. This reduces the possibility of 
transient- triggering of the synchronization circuit in the INPUT system of 
the computer. 

F-3t Adjustments are available on the side of the reader to adjust the 
response of each channel. Associated with each adjustment is a test point. 
The adjustments are made in a manner similar to that of sprocket. Periodic 
observation of these test points is advisable. 

F-3u MAGNETIC UNITS: These supply codes on five level lines in the form of 
square waves (with peaks of -20V and OV) which appear at a peak rate of 463 
characters/sec (i.e. 1 code every 8 word times). The signals will appear 
whenever the tape transport mechanism is programmed to be in motion and the 
tape has data recorded upon it. 

F-3v CARD UNIT: (IBM 026 with adapter circuits) Mechanical contacts supply 
level signals in a manner similar to that in the typewriter. In addition to 
the 5 level signals, a MINUS SIGN signal can be generated and will enter the 
computer INPUT system independently of the levels. 

SLOW- IN LOGIC 



F-4a The INPUT SYSTEM will respond to codes from the input media, e.g. the 
typewriter, photo- tape reader, and magnetic tape units. The codes to which 
the INPUT SYSTEM will respond are indicated on page 46. Note that all codes 
for which level 5 is a one are considered numerical hexadecimal characters. 
When level 5 is a zero the code indicates a control function. The SLOW-IN 
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logical hardware is shown on page 48. An illustrative SLOW- IN timing 
example is given on page 49. 

F-4b Any code arriving at the input levels (ref. dwg. 48 - bottom) will 
cause the HC buffer-inverter to become high. This will activate a synchro- 
nizing circuit which will control the subsequent activity of the input 
system. Fourth input level control of HC is absent, but note that when 
fourth level does occur it will always be accompanied by fifth level. In 
this case fifth level will provide the necessary synchronizing signal. The 
synchronization circuit is composed of HC, 0F1, 0F2, and associated gates. 

F-4c The signal HC, which triggers the synchronization circuit, must be 
reasonably free of transients to avoid multiple triggering. This was handled 
to some extent in the sources of the level signals. Additional high frequen- 
cy suppression is accomplished by modifying the BUFFER- INVERTER package 
itself which includes the HC circuit (see dwg. 13). It is essential that 
this modified package be plugged into the appropriate jack. The package 
can be identified by a notation on its handle. 

F-4d Note that the gates associated with the, OF flip-flops in the synchroni- 
zation circuit are all qualified by "IN". This arises from certain con- 
figurations of the OC'S, all of which represent INPUT operations. The OF 
flip-flops are used for different purposes during OUTPUT operations and are 
controlled by different gates. In such cases the signal "IN" is low, and the 
gates it qualifies are effectively out of the circuit. This principle of 
multiple use of tube circuits is repeated throughout the INPUT-OUTPUT system 
and accounts for component economy. 

F-4e Activation of HC by an input code will set 0F1. OFl* IN will enable the 
input code at the input levels to be inserted into a 5-bit static buffer 
register consisting of the OB flip-flops. Once the code is in the OB's the 
signals on the level lines can decay. 

F-4f OFl also sets 0F2. HC will decay upon the decay of the input level 
signals, and the synchronizing circuit will perform its closing cycle 
yielding the signal (E) » which controls the activity in the INPUT logic 
circuits. 

F-4g © is a gated TF pulse. TF is a basic G15D timing signal. TF=T29 • CE • CF , 
therefore occurs during WORD TIMES CONGRUENT TO 3 MODULO 4, i.e. at T29 of 
words 3, 7, 11.. .103, 107. TF is suitable for initiating or terminating 
activities dealing with 4-word lines at the beginning or the end of their 
four-word recirculation cycles (ref. sec. C-15). (f) will occur at the first 
TF pulse after OFl is reset which will be just after the input levels decay. 
The TF pulse which is gated to become a (f) is also used to reset 0F2, 
thereby freeing the synchronizing circuit to generate a new trigger from 
the next input code. A (f) will occur during any INPUT operation after a 
code is inserted into the OB's. (§) = (f)«0C4 = (f) during SLOW- IN 
operations only. 

F-4h If prior to generation of the (I) associated with one code, a new code 
arrives at the level lines, the 0F2 term disqualifying the OFl set gate in- 
hibits the next synchronization cycle until © is generated. This prevents 
skipping codes due to loss of (§) at high input rates. 
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F-4i Once (5) is generated by the synchronization circuit, it will start 
the logic circuits functioning under control of the code in the OB'S. There 
is a decoder yielding several signals defining the code residing in the OB'S. 
(Like many circuits requiring no clarification, the OB decoding gates are 
not shown in the simplified drawings. They may be easily located in the 
more detailed prints — in this case dwg. # 3D287.) 

F-4j A principle employed in most INPUT-OUTPUT operations is PRECESSION. 
One bit precessions have been used in MULTIPLY, DIVIDE, SHIFT and NORMALIZE. 
The VIA AR characteristic is a one-word precession. The INPUT SYSTEM involves 
1-bit precessions, 4-bit precessions, and 4-word precessions for information 
positioning purposes. As the reader may recall, a precession to the left 
involves inserting a delay in the recirculation path of a memory line. 

F-4k Assume the case of a hexadecimal character arriving at the input levels 
(level 5 must be high). The character will be inserted into the OB's (lxxxx) 
and a © will be generated. Because 0B5 is high, (g) will allow the contents 
of 0B1-0B4 to be copied into 0A4-0A1 respectively. The OB's will also reset 
at (g) time freeing them to receive a subsequent code. (D ( = (l)«SLOw^ will 
reset 0F3 and set OG because the code in the OB's defines a digit (lxxxx). 
OG will be high for four word times (terminated at the next TF pulse) and the 
following will occur: 

1) Normal recirculation of M23 will be disqualified - because OG is low. 

2) OG and 0F3 will enable a precession path for M23 such that M23's read 
flip-flop will feed OAl. OAl will feed 0A2, etc., and 0A4 will feed 
a gate enabled by 0F3 which will write into M23. 

3) During the first four pulse periods the code in the OA's will be 
written into M23 (this was the original new input hexadecimal char- 
acter) and.... 

4) The original contents of M23 will be delayed 4 bit times (or pre- 
cessed to the left) and hence will be rewritten 4 bit times late. 

5) This path is enabled for four word times. At the end of the four 
word times normal recirculation of M23 is resumed. 

6) The following changes will now be noted in M23's contents. (1) The 
lowest order four bits (T1-T4 of word 00) contain the newest input 
code, (2) the original M23 information has been shifted four pulse 
periods to the left, and (3) the original highest order four bits of 
M23 have been discarded. 

7) Each hexadecimal input code will have the effect of entering four bits 
into the lowest four bit positions of M23. 

F-41 Commands or numbers may be entered into the G15D by first converting 
them to hexadecimal. The procedure to accomplish the conversion of commands 
into hexadecimal is outlined on drawing 5. The procedure for converting 
decimal numbers to hexadecimal may be accomplished by simple arithmetic or 
by consulting a conversion table (drawing 4). To enter a word into the 
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G15D (be it a number or command) the following sequences of codes could 
occur : 

(SIGN) - 7 HEX. DIGITS - TAB or CARRIAGE RETURN 

The total effect of the above will be to enter 29 bits of information into 
M23 word 00. It may be noted that the sign may be entered at any time pro- 
viding it precedes the TAB or CARRIAGE RETURN code. The reason for this 
flexability will be explained later in this section. In practice the 
programmer uses a program preparation routine which allows him to communicate 
with the computer using binary-coded decimal leaving the drudgery of conversion 
to the computer. 

F-4m Should a minus sign code (00001) appear at the input levels the follow- 
ing sequence of events will occur: 

1) The sign code will be inserted into the OB's and a (e) will be 
generated as was the case for a hex. code in section F-4k. 

2) With [SIGNJ 0B 0x001, at (f) time OS is set. 

3) Should it have been desired to enter a plus sign no code entry would 
have been necessary as OS would have been reset already by a previous 
TAB or CARRIAGE RETURN code or the READY signal. 

4) Note entry of the minus sign code has only succeeded in setting the 
OS flip-flop and not actually entering this information into G15D 
memory. Further processing of the sign will be accomplished upon 
receipt of a TAB or CARRIAGE RETURN at the input levels. OS will 
remember the sign until then. 

F-4n Entry of the hexadecimal portion of the word procedes character by 
character as described in section F-4k. Normally 7 hex. characters will be 
entered thus these bits will be located in T1-T28 of word 00 of M23. 

F-4o The sign bit, presently residing in the OS flip-flop, represents the 
final bit of data to be entered into M23. Its position should be Tl of 
word 00. A TAB code (00011) or CARRIAGE RETURN code (00010) entry will give 
rise to the following sequence of events: 

1) The TAB or CARRIAGE RETURN code will be inserted into the OB's and 
a (|) will be generated as in the case for the hex. character in 
section F-4k. 

2) With [TAB + CARRIAGE RETURN] 0B , 0x0 lx, at (f) time the contents of 
the OS flip-flop will be transferred to 0A1, at the same time OS 
will be reset (hence the sign will be assumed positive for the next 
word, thus eliminating necessity for ever having a + code). 

3) With [TAB + CARRIAGE RETURN] B, (D wil l set 0F3 and 0G. 0G being 
high for four word times will block M23's normal recirculation path, 
while 0F3 and 0G establish a one bit precession path for four word 
times from M23's read flip-flop to OAl to a M23 write gate. 
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4) During the first pulse period the contents of OAl (the previous contents 
of OS) will be written into the Tl position of word 00 and all the ori- 
ginal contents of M23 will be written one pulse period late. 

5) Precession will last four word times. At the end of this time M23's 
normal recirculation is resumed. 

6) The following changes will now be noted in M23's contents. The Tl 

bit position of word 00 contains the sign information, and the original 
contents of M23 has been shitted to the left one bit. The highest 
order bit ot M23 (T29 of word 03) has been lost. 

7) If previous to this operation 7 hex. characters had been entered then 
they are aii sitting in M23 in word 00 in the desired bit positions. 

8) In effect it is the TAB or CARRIAGE RETURN which enters the sign in- 
formation into the G15D memory. 

F-4p Should the above procedure of entering (SIGN), 7 HEX. DIGITS, TAB or 
CARRIAGE RETURN be repeated, then the first word entered into word 00 would be 
shifted into word 01 and the most recent entry would now reside in word 00. A 
maximum of four words may be entered into M23 in this manner. Additional entry 
would result in the loss of the original word occupying word 03 as it would be 
shifted out the high end of M23. Therefore a means is provided to store M23 
in a long line, M19. The RELOAD code will initiate this function. 

F-4q When RELOAD, 00101, arrives in the OB's, the following sequence of act- 
ivity occurs: 

1) (§) will set 0D and 0Y. This will block normal recirculation of a 
four word line, MZ. OY will stay high four word times causing M23 to 
be copied into MZ. This frees LINE 23 for reception of new data. 

2) At the first TO after 0D was set, 0E will set. OE will remain high 
for one drum cycle. With 0D and 0E high normal recirculation of MZ 
and LINE ML9 is interrupted, but a four word precession path is estab- 
lished for 108 word times involving MZ and M19. The path is such that 
beginning at word 00, MZ's contents are written into M19, and Ml9's 
contents are written into MZ. M19's original contents reappear at 
MZ's read flip-flop delayed four word times and are rewritten into M19. 
After 108 word times normal recirculation of MZ and M19 is resumed. 

3) As a result of the precession the original contents of MZ (which came 
from M23) reside in words 0-3 of line M19. The original contents of 
M19 are shifted to the left four words. The original highest order 
four words (104-107) of M19 reside in MZ where they will be lost upon 
receipt of the next RELOAD code. 

F-4r If 27 four -word groups are entered in this manner, LINE 19 will be 
"filled", with the first word entered residing in word 107. At this time the 
INPUT operation should be terminated. If the typewriter is the input medium, 
the "S" key should be activated following the final RELOAD code. This resets 
the 0C flip-flops terminating the INPUT operation. The ENABLE switch need not 
be ON for this operation since <S>*0C1*0C2 resets the OC's. 
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F-4s If any other input medium is used it should substitute a STOP code for 
the final RELOAD code. A STOP code performs not only the OC reset function but 
also the RELOAD function. When a STOP code resets the OC'S it does so 
approximately one drum cycle prior to the time that the LINE 19 - MZ pre- 
cession is completed. This is for the purpose of stopping the PHOTO-READER 
at the earliest possible time. For this reason the precession gates must be 
qualified by "FAST OUT" as well as "IN" ("FAST OUT" includes the UOOO con- 
figuration). Also OD must qualify the gate which forms the READY signal so 
the INPUT-OUTPUT system will not appear to be idle while it is still occupied 
in this final precession. 

F-4t Remaining aspects of the INPUT system should be evident considering the 
material on Drawings 48 and 49. Miscellaneous elusive facts are as follows: 

1) 0B5 qualifies the OAl r gate ((g)-0B4«0B5) to prevent the fourth- 
level ZERO in a TAB or CARRIAGE RETURN code from resetting OAl at the 
same time a ONE in OS calls for setting OAl. 

2) When a MINUS SIGN is to be stored in OS, the MINUS SIGN code is 
entered; entry of a PLUS SIGN involves merely the failure to enter a 
MINUS SIGN since OS is reset every time a TAB or CARRIAGE RETURN is 
entered. CA-1 CARD EQUIPMENT can set OS without the formality of 
HC, etc. 

3) A buffer-inverter is used to set OG and prevent the possibility of 
simultaneous reset. This is to permit a high data entry rate in- 
volving consecutive TF pulses becoming (g)'s. 

4) TF qualifies (3), which permits the contents of the OA's to shift 
during precessions. Preventing OA shift at TF time has no effect 

on the desired precession results in LINE 23; however, it does permit 
a new character to be transferred from OB's to OA's without conflict 
in the event of consecutive TF pulses becoming (g)'s. 

5) The purpose in resetting the OC's approximately one drum cycle 
prior to the completion of the STOP code operation is to stop the 
input medium with minimum delay. (Once a STOP code reaches the OB's 
it will remain there until the OC's are reset rendering the INPUT 
system insensitive to any incoming level codes which may follow.) 

6) The SPACE and PERIOD keys on the typewriter generate no codes but do 
raise HC. This is for the benefit of the typewriter when used as 

an output medium. A PERIOD code coming from tape will raise HC and 
be inserted in the OB's; however, no circuit beyond the OB's will 
respond to it. An incoming SPACE code is no code at all. SPACE is 
an output function. 

7) A WAIT code performs the same data entry function as HEXADECIMAL 
ZERO. WAIT is an editing feature used primarily for output purposes. 

F-4u The codes may arrive at the input at any rate less than 926 characters/ 
sec. (i.e., 1 character/4 WT), except in the case of the RELOAD code which 
cannot exceed a rate of 17.2/sec. (i.e., 1 character/2 drum cycles). Consider- 
ing the normal sequence of codes involved in data entry, the RELOAD rate is 
the limiting factor. In practice, the maximum input rate delivered by any of 
the media is 463 characters /sec. and 15 RELOADS/sec. 
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F- 4v It is suggested that the reader study the example on Drawing 49 
confirming the activity on Drawing 48. This combines the time axis with 
the logical hardware-- both of which should be fully understood. (Drawing 
of colored vertical lines joining key TF dots at the top and bottom of the 
timing diagram is advisable.) 

PHOTO- TAPE SEARCH (FAST- IN) 

F-5a FAST- IN involves searching for certain codes either on PAPER or MAGNETIC 
TAPE with the purpose of positioning tape but not obtaining data. This 
discussion will be devoted to PHOTO-TAPE search operations only. MAGNETIC 
TAPE search operations will be discussed in sec. F-14. 

F-'5b Data ordinarily is punched on tape in the form of 108 word blocks 
(27 four -word groups) terminated by a STOP code. A few inches of blank tape 
should be provided between adjacent blocks to allow for tape acceleration 
and deceleration. When a tape in the PHOTO-READER is read for data entry 
purposes (i.e., SLOW- IN), it should be started from a blank tape area. The 
PHOTO-READER will read tape until a STOP code is read; the STOP code causes 
the OC's to be reset stopping the mechanism. 

F-5c Assume now that a block of tape has been read and the tape is stationary 
in a blank tape area. The programmer wants to back the tape up one block so 
that the same block can be re-read. The PHOTO-TAPE reverse cycle will 
accomplish this. (Two PHOTO- TAPE REVERSE CYCLES would back the tape up two 
blocks.) 

F-5d (Ref. dwg. 45) The cycle can be initiated by setting the OC's in the 
0110 configuration, representing PHOTO- TAPE REVERSE-PHASE 1. This can be 
accomplished manually ("B" key) or by a special command (S = 6, D = 31). The 
configuration yields the signals "IN" and "PHOTO TAPE REVERSE". 

F-5e "PHOTO-TAPE REVERSE" energizes the REVERSE relay in the PHOTO-READER, 
lighting the illuminator lamp and moving the tape in a REVERSE direction. 
"IN" qualifies the "front end" of the INPUT system (dwg. 48 - bottom) 
allowing it to register all incoming codes in the OB's and to generate ®'s, 
however, none of the data goes into any memory lines since " SLOW- IN" is not 
present. 

F-5f (Ref. dwg. 45 - left side) When the first STOP code is registered in 
the OB's, the signal PHOTO-TAPE RE VERSE • fSTOP] 0B • (f) sets OCl (gate 1), 
producing the 0111 configuration in the OC's, representing PHOTO-TAPE 
REVERSE -PHASE 2. The tape continues reading in REVERSE until it encounters 
the next STOP code; then PHOTO- TAPE REVERSE .0C1- [STOP] g- (E) (gates 1 and 2) 
sets 0C4, yielding the 1111 configuration in the OC's, starting a regular 
FORWARD PHOTO- TAPE READ operation. This reverses tape motion. 

F-5g The FORWARD operation reads tape until the first STOP code is reached. 
This resets the OC's, stopping the tape (according to normal procedure in 
SLOW- IN). The complete operation succeeds in backing the tape up one block 
as illustrated on Drawing 45 (upper right). 
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F-5h Miscellaneous facts: (1) Among the terms which form (k) (dwg. 48) to 
reset the OB's is (e)-FAST IN. This permits the OB's to be cleared after 
the STOP codes have been interrogated during the REVERSE search, permitting 
normal operation of the OFl g gate on subsequent codes. (2) During the final 
part of the cycle, the FORWARD reading will affect LINES 19 and 23 since 
codes will be read during a SLOW-IN situation. Therefore it is advisable 
that the contents of these lines be insignificant when the cycle is initiated. 
(3) Programming a PHOTO-TAPE REVERSE-PHASE 2 may appear worthless, but it 
can serve the purpose of "homing in" on a particular STOP code when necessary. 



SLOW- OUT - GENERAL 

F-6a The SLOW-OUT system may almost be considered an independent computer. 
It is independently programmable to provide maximum flexibility in editing 
computer output. The destination of information extracted from the selected 
output memory line (M19 or AR) is a 5-bit buffer register consisting of the 
OB flip-flops. (The reader may recall that the OB's served as a 5-bit buffer 
register for incoming codes during INPUT operations.) 

F-6b The means of loading the OB's with information is a function of the 
FORMAT, which is actually a program consisting of a series of instructions 
known as FORMAT CHARACTERS. The FORMAT CHARACTERS are 3-bit commands and are 
interrogated and obeyed in a fixed sequence. 

F-6c Assuming that the desired output codes appear in the OB's, one of the 
output media will respond to them. Which output medium will respond to the 
codes is a function of the particular SLOW-OUT operation selected. As Drawing 
3 indicates, the TYPEWRITER, the paper tape PUNCH, and the CA-1 CARD EQUIPMENT 
are the different options. The OC flip-flops determine which medium will re- 
ceive an ''execute" pulse and respond to the code in the OB's. The PUNCH 
switch on the front of the TYPEWRITER enables the PUNCH to operate whenever the 
TYPEWRITER is operated as an output medium. 

THE SLOW OUTPUT MEDIA 

F-7a TYPEWRITER: The TYPEWRITER has already been mentioned as an INPUT 
device. In this case activation of the keys was manual. When the TYPEWRITER 
serves as an OUTPUT medium, the keys are electrically activated by means of 
solenoids . 

F-7b Drawing 43 illustrates the 21 solenoids which can be energized by computer 
control. These include data and control functions. Which one of the 21 
solenoids will be energized by the computer is a function of the contents of 
the OB flip-flops. 

F-7c All solenoids are returned to +160V. Relays RY1-RY5 follow the contents 
of the OB's. The relay points, in accordance with the configuration of the 
relays, will complete a path from the points of RY6 either to one or none of 
the solenoids. If and when RY6 is energized by an "execute" pulse, its 
points will apply ground to the input of the path just described and energize 
one solenoid or none at all depending upon the contents of the OB's. Obvi- 
ously, a code in the OB's representing a given function will result in the 
activation of the corresponding key (i.e., 10011 OB = 3, therefore the "3" 
key is pulsed). 
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F-7d The same codes that appear at INPUT can be delivered to OUTPUT. There 
is no ^purpose in the typewriter responding to three of these codes, therefore 
no accommodations are made for activation of any solenoids in these cases. 
The codes are: WAIT, RELOAD, and STOP. (Ref. dwg. 46) 

F-7e> Whenever any key is operated, the associated switch contacts close. 
This raises the HC signal mentioned in SLOW- IN. The HC signal is used as 
feedback to indicate to the SLOW-OUT circuits whether the typewriter is 
ready for a new code. All keys which are subject to solenoid activation 
except SPACE and PERIOD yield LEVEL signals from the TYPEWRITER OUTPUT MATRIX. 
SPACE and PERIOD raise HC independently of the levels to provide the 
necessary feedback signal (see sec. F-3e). 

F-7e The switch contacts associated with each key remain closed for the 
duration of the operation of the typing mechanism, hence supply an ideal 
feed-back signal. In the cases of TAB and CARRIAGE RETURN, different methods 
of providing switch contact are provided to render contact for the entire 
duration of the operation. In the case of TAB, two switches in parallel 
are required such that one or the other or both will be in contact for the 
duration of the operation. 

F-7f A SPACE KEY, as opposed to the SPACE BAR, is used to shift the carriage 
one space. This key activates a typing lever as any other character key but 
no character is typed; the carriage merely shifts. The reason for avoiding 
use of the SPACE BAR is that it is designed to cause multiple spacing if 
held down more than a short time. 

F-7g The SLOW-OUT system is designed to operate the typewriter at an average 
rate of approximately 8 characters /second (i.e., 1 character/4 drum cycles). 
The OB's and the "execute" pulse energize the associated TYPEWRITER relays by 
means of puller tubes located in the LOGIC CHASSIS (dwg. 64). 

F-7h THE PUNCH: The PAPER TAPE PUNCH is a standard FLEXOWRITER punch unit. 
Reference is directed to FLEXOWRITER literature for a detailed description. 
In brief, the unit perforates tapes conditionally in 5 levels and uncon- 
ditionally in the sprocket level whenever it is pulsed. The punching in 5 
levels is a direct function of the contents of the OB flip-flops (which 
contain the output code). Whenever a frame is punched, the tape is advanced 
1/10 inch by a sprocket wheel. 

F-7i The punching is under the control of six 2D21 thyratrons located behind 
the PUNCH unit. Ref. Drawing 47: Five of these thyratrons control the LEVEL 
SOLENOIDS; the sixth (V6) controls the CLUTCH SOLENOID. Whenever the GRID #1 
common becomes high (1 millisecond approx.), the CLUTCH SOLENOID thyratron is 
unconditionally fired and the other thyratrons fire as a function of the OB's. 

F-7j When the CLUTCH SOLENOID is energized a mechanical cycle proceeds, 
punching the appropriate levels and sprocket and also advancing the tape. 
During this cycle a cam-controlled switch opens, removing B+ from the 
thyratron plate circuits extinguishing them at the appropriate time. An 
INTERLOCK switch can also remove B+ to prevent thyratron firing in the event 
that the tape supply reel is empty. 
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F-7k The CLUTCH SOLENOID may be energized continuously by means of a 
manually-controlled switch on the PHOTO-TAPE READER front panel. This 
causes the PUNCH to punch blank tape in an un- interrupted manner. 

F-71 PUNCH PULSES (1 millisecond) are delivered to the PUNCH thyratrons 
by the OUTPUT SYSTEM at a rate of one every two drum cycles (i.e., 17/sec.) 
provided the OC configuration or the PUNCH switch (on the TYPEWRITER) calls 
for them. The PUNCH requires no synchronization. It will respond properly 
to each PUNCH PULSE provided the pulses do not exceed the maximum permissible 
rate. 17/sec is safely below that rate. 

F-7m A detailed schematic of the punch driver circuit may be found on 
Drawing 51. SWl, both sections of which are shown on this drawing, permits 
the operator to turn the PUNCH MOTOR and B+ supply off. This switch may be 
turned off to avoid running the PUNCH MOTOR when programs being run do not 
call for any PUNCH OUT operations. The switch is located on the PUNCH 
CHASSIS itself. 

F-7n CARD EQUIPMENT: The CA-1 CARD EQUIPMENT consists of an IBM 026 unit 
with adapting circuits. The adapting circuits are fed by the contents of the 
OB's by means of relay puller tubes located in the LOGIC CHASSIS (dwg. 64). 
Control signals also arise in the OUTPUT system as a function of the OC's and 
also energize relays by means of puller tubes . Since the CARD EQUIPMENT is 
optional accessory equipment and is a study in itself, no more details of the 
equipment itself will be given in this particular manual. Study of the G-15D 
circuits will reveal that characters are delivered to the CARD PUNCH at the 
rate of 1 character/3 drum cycles (i.e., approx. 12 char. /sec). 

SLOW- OUT LOGIC 

F-8a In order to permit maximum flexibility in controlling the sequence 
and nature of codes to be supplied to the OB's, 8 different operations may 
be called for by means of the individual FORMAT CHARACTERS (instructions) in 
the FORMAT (sequence of instructions). Since both LINE 19 and AR can supply 
the output data, independent FORMATS may be established for each. The formats 
are stored in words 0-3 of LINE 2 (for LINE 19) and LINE 3 (for AR); the OC 
configuration will decide which FORMAT will be followed. 

F-8b The 8 FORMAT CHARACTERS (instructions) are listed on Drawing 50. Below 
is an outline of activity resulting from each character. Assume that at the 
beginning of each code -to -OUTPUT cycle a FORMAT character will reside in a 
3-bit static register, consisting of the OF flip-flops, and will be decoded 
and interrogated. 

ACTION RESULTING FROM FORMAT CHARACTERS (Ref . Dwg. 52) 

F-8c [DIGIT] q F : The output line (M19 or AR) will be precessed through the 
four OA flip-flops for a recirculation cycle. This results in: (1) the 
highest order 4 bits (hex. character) residing in the OA's, (2) the original 
contents of the line shifting to the left 4 bit positions, and (3) all ZEROS 
in the lowest order 4 bit positions of the line. (The latter is accomplished 
by resetting the OA's prior to the precession.) After the highest order 4 
bits are obtained in the OA's, (§) transfers them to the lowest order four 
OB's, (0B1-0B4), simultaneously resetting the OA's. 0B5 will be set to ONE 
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at this time (if it is not already set) provided the OA data was non-ZERO 
or if the OC configuration or PUNCH switch called for a PUNCH TAPE or PUNCH 
CARD. 

F-8d These conditions pertaining to 0B5 control facilitate suppression of 
insignificant ZEROS. That is, if an all-ZERO code from the OA' s is placed in 
OB1-OB4, and 0B5 is not set, the resulting code (00000) will cause the type- 
writer to SPACE rather than TYPE "0". Whenever the PUNCH or CA-1 CARD 
EQUIPMENT is involved, the zero suppression circuit is disabled (by 0C2+<MAN 
PUNCH» , and 0B5 will be high for any hex. character. A ZERO will appear as 
10000 in the 0B*s, hence "0" will be typed out whether significant or not. 
More will be mentioned on the subject of zero suppression as the other 
FORMAT CHARACTERS are discussed. 

F-8e jSIGNJop: During SLOW-OUT operations the OS flip-flop monitors the 
sign bit position of the word being sent to output. In the case where AR 
constitutes the output line, the Tl position of AR is periodically monitored; 
when LINE 19 is the output line, the Tl position of word 107 of LINE 19 is 
monitored. This is under the control of the OC's and appropriate timing sig- 
nals. 

F-8f When the FORMAT CHARACTER calls for SIGN, if the OS flip-flop has been 
set, OBI will be set at @ time; the remaining OB's will all remain reset. 
This will yield a 00001 configuration which is the MINUS SIGN code. Had the 
OS flip-flop been in the reset state at this time (representing +), the OB's 
would have assumed a 00000 configuration, representing a SPACE. 

F-8g No AR or LINE 19 precession takes place during this operation. When a 
SIGN-to-OUTPUT is called for, the word involved should be in its initial state 
(i.e., not shifted) to assure that the sign position actually contains sign 
information rather than some other bit which appeared there as the result of 
previous shifting operations. The OS flip-flop merely monitors whatever bit 
happens to be in the sign position whether or not it actually represents a 
sign. 

F-8h [CR+TAB} 0F : When either a TAB or CARRIAGE RETURN constitutes the 
FORMAT CHARACTER, the same SLOW-OUT activity takes place, the only difference 
being in the exact code sent to the OB's for control of the output medium, a 
CR or TAB is ordinarily called for at the end of every word transmitted to 
the OB's. At this time, normally a total of 28 bit positions of shift have 
been experienced by the line (M19 or AR) supplying the output information. 
An additional bit of shift is appropriate for positioning purposes only. 

F-8i The operation calls for a 1-bit precession of the appropriate output 
line through 0A1 only, and lasting for one recirculation time of the line in 
question (M19 or AR); also, at (?) tl«e, the FORMAT CHARACTER itself is 
copied from the OF's to 0B1-0B3. OB4 and 0B5 will be reset. As a result, a 
00011 configuration will appear in^ the OB's as a result of a TAB or 00010 in 
the case of CARRIAGE RETURN. 

F-8j [sTOP]of : The * ast character of a FORMAT should be STOP (sometimes 
called END). In the case of AR feeding OUTPUT, the STOP code in the OF's is 
copied into the OB's yielding the 00100 configuration in the OB's — the STOP 



- 85 - 

code. Also the OC flip-flops will be reset, terminating the OUTPUT operation. 

F-8k If LINE 19 feeds the output, as soon as the STOP code appears in the 
OF's, LINE 19 is interrogated. If during the course of one drum cycle 
any ONES are detected in LINE 19, OFl is set, converting the STOP code to a 
RELOAD code. As LINE 19 is precessed and its contents sent to output, ZEROS 
are inserted in its lowest order end. This is accomplished every time a 
precession takes place by resetting the OA's prior to each precession. When 
the contents have been "emptied into output" and there is no more information 
left, this is an appropriate time to terminate the OUTPUT operation. If LINE 
19 is "empty", the STOP code will remain in the OF's, be copied into the OB's, 
and the OC's will be reset (as in the case of AR to OUTPUT). 

F-81 In the event that upon interrogation of LINE 19, a "1" converted the 
STOP code to a RELOAD code, the procedure will follow that outlined below. 

F-8m [RELOAD] QF : When a RELOAD code appears in the OF's, at the time of 
interrogation (i.e., after the conversion process above), the code itself is 
sent to the OB's yielding a 00101 configuration. Also the OD flip-flop is set, 
which causes a repetition of the entire FORMAT (i.e., after the RELOAD 
operation is performed, the FORMAT CHARACTERS will be interrogated again, 
starting with the first character. 

F-8n RELOAD codes in the OF's normally arise only as the result of a con- 
verted STOP code. RELOADS placed in a FORMAT by the programmer would result 
in an OUTPUT operation which could not terminate itself. RELOADS can be used 
in conjunction with a "SET READY" command for certain special purposes, but a 
thorough understanding of the conditions and timing involved in SLOW-OUT is 
required if this type of programming is contemplated. 

F-8o rPERIOD] OF : This calls for copying the OF's into 0B1-0B3, yielding 
the 00110 configuration in the OB's. This is for the purpose of editing typed 
copy. As a byproduct of the operation, 0B5 is set when 0B1-0B4 are cleared 
(after the response to the PERIOD code by the output medium). This stops zero 
suppression so that any "0" code following the period will be typed as "0". 

F-8p [WAIT) of : This is strictly an editing function to cause the typewriter 
to ignore (skip) a hex. character in the output line. WAIT calls for a 4-bit 
precession just as a CDIGITJoF does; however, the character obtained in the 
OA's is ignored. Instead of sending the character in the OA's to the OB's, 
the WAIT code in the OF's is copied into the OB's, yielding the 00111 con- 
figuration. The TYPEWRITER will not respond, but the PUNCH will punch 00111. 
(Should the tape be used for INPUT, the WAIT code will compensate in INPUT 
for the 4-bit precession in OUTPUT by inserting a hex. ZERO in LINE 23.) 

F-8q SUMMARY OF FORMAT CHARACTER ACTION: A brief outline of the activity 
mentioned above is provided on Drawing 53. Drawing 46 illustrates the 
response of the PUNCH and TYPEWRITER to the codes in the OB's assuming that 
an "execute" pulse is delivered to the medium. A space punched on PAPER TAPE 
is insignificant since it represents only a frame of blank tape. 

F-8r Standard FORMATS are illustrated on Drawing 50. The FORMAT used for 
LINE 19 output yields a tape, the sequence of characters upon which renders 
it compatible with the INPUT SYSTEM. Any FORMAT sequence may be written by 
the programmer and is limited only by his imagination and/or computer 
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restrictions. 

F-8s (note that FORMAT CHARACTERS listed on dwg. 50 appear in reverse as 
to order of digits when appearing in the OF's or the lowest order three OB* s 
(dwg. 53). This is a function of the circuit wiring and is a minor techni- 
cality resulting in no logical discontinuity- -the placement of bits is only 
arbitrary anyway. ) 

SLOW-OUT TIMING 



F-8t (Ref . dwg. 52 - bottom) Primary timing signals are provided by flip- 
flops 0Z, 0Y,0E, and 0G. Configurations of these flip-flops qualify gates 
which provide other timing signals. Activity of these circuits is illustrated 
on the timing diagrams shown on Drawings 54 and 55. 

F-8u A bas ic character output cycle involves two drum cycles beginning 
with the OY'OE configuration and concluding with the OY'OE configuration. In 
the event that the TYPEWRITER or CARD PUNCH is involved in the OUTPUT operation, 
time is "killed" between character cycles in the OY'OE configuration to the 
extent of an integral number of drum cycles as a function of OC and feedback 
control as follows: 



PUNCH: no delay; OY is always high. 

CARD PUNCH: one drum cycle delay. This is introduced by 
"TYPE" signal (present if OC's = 1011) which 
causes OY to be reset at the conclusion of 
each basic cycle yielding 0Y-0E. One drum 
cycle later_0Y is set (HC is high) estab- 
lishing OY'OE which begins a new cycle. 

TYPEWRITER: two or more drum cycles delay. "TYPE" (present 
with 0C's_= 1000 or 1001) causes 0Y to be reset, 
yielding 0Y«0E. When the TYPEWRITER is executing 
a mechanical cycle, HC will be high until it is 
concluded. Until HC drops and HC becomes high, 
OY cannot be set. If DIGIT, SIGN, CR,_or TAB is 
the FORMAT CHARACTER being processed, 0F3 (function 
of the FORMAT CHARACTER) will prevent 0Y from 
being set after one drum cycle delay (regardless of 
TYPEWRITER feedback) by_holding HC high. After one 
drum cycle delay, TYPE •OY'OE* TO sets 0F3, dropping 
HC, provided TYPEWRITER switches do not hold it 
high. Once HC drops, OY can be set, starting a 
new cycle. HC may be kept high indefinitely by 
<SA>, hence the ENABLE switch provides a means of 
interrupting a TYPE OUT or CARD PUNCH. 

F-8v At the beginning of each cycle (OY'OE), 0G controls the circuit which 
obtains the new FORMAT CHARACTER in the OF's. The character is interrogated 
and its process is executed. The OB's do not receive the output code until 
the conclusion of the 2 drum cycle period, and the "execute" pulse is not 
delivered to the medium to cause response until the beginning ot the following 
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character cycle. Therefore while the output medium is responding to one code, 
the SLOW-OUT circuits are obtaining the next. 

OBTAINING FORMAT CHARACTERS 

F-8w The FORMATS are stored in words 0-3 of LINES 2 and 3. The OC's deter- 
mine the line from which FORMAT should be taken. When the SLOW-OUT operation 
is initiated, OD is set. The first OG output will cause the appropriate line 
(M2 or M3) to be read via the three OF flip-flops into the four -word line, 
MZ, during word times 0-3. (OD, in conjuction with the OC's, sets up the 
path; OG determines the time.) As a result of this, the highest order 3 bits 
of word 3 (of LINE 2 or 3) will reside in the OF's and the remaining informa- 
tion (originally in words 0-3 of LINE 2 or 3) will reside in MZ, displaced 
3 bits to the left. The lowest order end of MZ, containing information to 
the right of the STOP code, is logically unimportant. The operation does 
not disturb the contents of the selected format line (M2 or |M3). 

F-8x This first FORMAT CHARACTER in the OF's will be interrogated and the 
process for which it calls will be executed. When the next FORMAT CHARACTER 
is called for (when OG rises), OD will be in the reset state (unless the first 
format character was a RELOAD— which is ridiculous). OG'OD will cause MZ to 
precess through the OF's obtaining the next 3-bit character in the OF's and 
shifting MZ to the left 3 more bit positions. 

F-8y This activity repeats until a RELOAD code appears in the OF's. A 
RELOAD sets OD causing the initial process to be repeated. 

F-8z (Note that OG is set by a Tl pulse of word time and reset by TF*0G. 
This means OG will be high during word times 0-3 except for the Tl period of 
word time 0. This is one pulse period short of the desired four word times; 
however, this will only affect MZ to the extent that the Tl position of word 
will always contain whatever was originally in that bit location of MZ. It 
will not affect the FORMAT CHARACTERS and their positioning in any respect.) 

F-8aa At this point the reader should be able to trace through any SLOW-OUT 
activity by referring to Drawings 52 - 55. In Drawings 54 and 55 the key 
signals are shown in reference to the time axis - an important factor in 
understanding the activity. The reader is advised to draw colored lines 
between corresponding TO dots at the top and bottom of each drawing. The 
signals are labelled at the left in abbreviated form. (For instance, the 
signal__£g)= (N).0E- SLOW- OUT, where (§) = Tl'OZ. The label on dwg. 55 defines 
(g) = OE.OZ-Tl, which is incomplete. SLOW-OUT also qualifies (H) ; however, 
the reader is expected to take such a term for granted since the operation is 
a SLOW-OUT. When in doubt, consult the more detailed drawings.) 

MISCELLANEOUS (SLOW-OUT); 

F-8ab (1) <A><SA>.(S) sets OD in addition to setting the OC's. This is the 
manual method of initiating TYPE OUT AR. OD must be set by the above signal 
since S2'DS will not be present to do so as in the case of program- initiated 
SLOW-OUT operations. Also, until the ENABLE switch is turned off, no type-out 
will occur since HC will be held high by <SA>. 
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F-8ac (2) When the PUNCH is the output medium, one frame of blank tape will 
be punched prior to the first data element in the OB's. Suppression of this 
Initial insignificant PUNCH "execute" pulse would have involved extra cost 
to conserve absurdly small amounts of paper tape. OD inhibits the corre- 
sponding TYPEWRITER "execute" pulse to prevent a SPACE, but in so doing in- 
hibits the "execute" pulse when RELOAD is the code in the OB's. This is 
tolerable in the case of the TYPEWRITER since it does not respond to RELOAD 
anyway; in the PUNCH case it would be intolerable since RELOADS must be 
punched to render the output tape compatible with the INPUT SYSTEM. 

F-8ad (3) After a STOP code has been obeyed as the final FORMAT CHARACTER, 
t he t hree bits that follow it in the format line will appear in the OF's. 
£STOP(1ob is applied to the (g) , (I) , and (?) terms to prevent simultaneous 
set and reset terms from being applied to the OB's at 0C r time. This could 
result in malfunction of a subsequent PUNCH operation. The most fool-proof 
method of writing formats is to follow the STOP code with a SIGN code. 

F-8ae (4) In any of the cases in which the OC configuration calls for a 
TYPE-OUT, an "execute" pulse may also be delivered to the PUNCH if the 
PUNCH SWITCH on the typewriter is in the ON position - raising <MAN PUNCH> 
to OV. In such a case, the output speed is a function of the typewriter and 
the ZERO-suppression is disabled. 

FAST-OUT - GENERAL 

F-9a The active FAST OUT operations only involve optional auxiliary equip- 
ment — MAGNETIC TAPE and devices including high-speed punches. 

F-9b READY: The READY STATE is not an operation but is classified as a 
FAST OUT "operation" by virtue of its OC configuration (0000). READY is high 
when all the OC's and OD are reset. The signal "READY" lights a front panel 
neon "R" in an unusual way. Most neon exciting signals in the G-15D involve 
approximately a 60V difference between ON and OFF. The READY signal involves 
a difference of 20V since it is the output of a conventional AND gate . This 
signal (OV or -20V) is used to turn a neon exciter triode on or off. This 
triode is located in the LOGIC CHASSIS (dwg. 64). 

MAGNETIC TAPE WRITE (FAST-OUT) 

F-lOa This FAST-OUT operation delivers data to the magnetic tape unit(s) at 
the peak rate of 463 characters /second. There is no flexibility in output 
format as there is in the SLOW-OUT system. The sequence in which data is 
sent from LINE 19 to the MAGNETIC TAPE equipment is: 

29 HEX. CHARACTERS followed by either a RELOAD or a STOP 
depending upon whether or not LINE 19 is empty. 

F-lOb The flexibility in SLOW-OUT was available since the individual output 
code cycles were of long duration (minimum of 2 drum cycles). However, there 
is no need for flexibility in the FAST-OUT sequence since the fixed format 
which is followed supplies a code sequence to MAGNETIC TAPE which is 
compatible with the INPUT SYSTEM. The purpose of the MAGNETIC TAPE equipment 
is primarily storage. That is, if a 108 WORD BLOCK is written on the tape 
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from LINE 19, it may be restored to LINE 19 later by an INPUT operation. 
The fixed format fulfills this requirement. 

F-lOc In general, the sequence calls for "unloading" LINE 19, in 4-word groups, 
onto MAGNETIC TAPE. The manipulation of the 4-word groups is almost a SLOW- IN 
operation in reverse. 

F-lOd Ref. dwg. 61: To facilitate the sequence above, LINE 19 is precessed 
through MZ for 108 word times (starting with word time 0). This results in: 
(1) the original contents of words 104-107 of LINE 19 residing in MZ, (2) 
the original contents of LINE 19 being shifted left 4 words, and (3) the 
lowest order 4 words of LINE 19 being filled with ZEROS (original contents 
of MZ - rendered all ZEROS by proper programming of the initiating command). 

F-lOe Once MZ has extracted the highest order 4 words from LINE 19, MZ is 
copied into LINE 23, freeing MZ to obtain the next highest order 4 words of 
LINE 19 (synchronized on the next TO pulse). 

F-lOf With the original highest order 4 words now in LINE 23, precessions 
of LINE 23 through the OA's proceed on alternate 4-word recirculation cycles. 
During the 4-word recirculation cycles between precessions, the OA's will 
contain 4-bit configurations starting with the highest order hex. character 
and progressing sequentially to the lowest order hex. character. During the 
time that these hex. characters are static in the OA's, an "execute" pulse 
permits AND gates to send them to the writing circuits in the MAGNETIC TAPE 
equipment (see dwg. 60 - top). These "execute" pulses last 4 word times or 
approximately one millisecond. This takes care of LEVELS 1-4. LEVEL 5 is 
written any time the information written on tape is a hex. character. 

F-lOg A means is provided to determine when 29 hex. characters (i.e., the 
entire contents of LINE 23) have been written on tape. This involves turning 
0A2 on (by (z) ) prior to the precession which obtains the first hex. character 
in a 29 character group. This is known as the MARKER BIT. As a result of this, 
after the first precession, the 0100 configuration will have been written in 
the lowest order 4 bit positions of LINE 23. Prior to any other precession 
the OA's are reset to 0000. 

F-lOh During the course of the first 29 precessions, the MARKER BIT estab- 
lished in 0A2 (by (2) ) will be transmitted to the writing station of M23. 
Only after the 29th precession (i.e., during the 30th) will the MARKER BIT 
fail to reach M23w. 0F1 monitors 0A4 during each precession. During the 
first 29 precessions 0F1 is set, and remains set between precessions causing 
5th LEVEL to be written. After the 30th precession, 0F1 remains down, fail- 
ing to write 5th LEVEL. The configuration in the OA's at this time is 0100. 
Since 5th LEVEL is not written, the tentative configuration of the LEVELS to 
be written on tape is 00100; however, 0B3-0F1 can qualify the LEVEL 1 gate 
which could result in a 00101 configuration. 

F-lOi For a period of more than one drum cycle prior to establishment of 
the above code, an 0B3 S gate searched LINE 19 for ONES. If LINE 19 contained 
any ONES, 0B3 would be set; if it contained no ONES, 0B3 would remain reset. 
Since 0B3 controls writing of LEVEL 1 at this time, and LINE 19 controls 0B3, 
an "empty" LINE 19 will cause a 00100 configuration (STOP code) to be 
written; otherwise 00101 (RELOAD code) will be written. This resembles 
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the activity in the SLOW-OUT system when [ST0P] 0F i s the FORMAT CHARACTER; 
the means, however, differ considerably. 

F-lOj Had the RELOAD code been written, the next 4-word group residing in 
MZ (resulting from the second M19 - MZ precession) would be copied- into LINE 
23 and the 29 HEX. CHARACTER - STOP/RELOAD cycle would repeat. 

F-lOk These 4-word cycles will repeat until LINE 19 is exhausted of informa- 
tion. Normally 108 words of LINE 19 will contain data, hence 27 4-word 
cycles will occur. If the tape-recorded data from LINE 19 is, at some future 
time, to be read back into LINE 19 in the same relative word positions, at 
least one ONE should exist in the original lowest order 4-word group of LINE 
19. Simple programming can assure this. The operation is concluded after 
the STOP code is written and the OC's are reset, establishing READY. 

F-101 Drawing 60 is the FAST-OUT block diagram covering the MAGNETIC TAPE 
WRITE case. Drawing 61 provides an example of a writing operation in which 
only the highest order 8 words of LINE 19 contain data. Beyond this, little 
can be said about the data handling logic. 

F-lOm MAGNETIC TAPE motion control as applied to MAGNETIC TAPE WRITE is a 
simple matter as far as the G-15D circuits are concerned. Ref . Drawing 60 - 
top: DS-SO'SV (high during the time of TRANSFER associated with the initi- 
ating command) will fire the FORWARD thyratron in the electro-mechanical 
tape transport system. The tape will be accelerated to its normal speed 
of 7.5 in/sec in approximately 5 milliseconds. How soon data will appear 
to be written on the tape is a function of the word time during which the 
initiating command is in the TRANSFER state; this should be WORD to assure 
maximum leader. 

F-lOn The tape transport mechanism is stopped by the READY signal which 
fires the STOP thyratron. 

F-lOo The MAGNETIC TAPE recording mode is similar to that employed by the 
drum in that only ONES are written and ZEROS are erased magnetic surface. 
Any section of tape which is selected for recording must be erased. This 
is accomplished by bulk erasure. 

MAGNETIC TAPE READ CONTROL (SLOW- IN) 

F-ll MAGNETIC TAPE has already been mentioned as a source of INPUT data; 
however, its control was not mentioned at that time. Ref. Drawing 47 - 
lower right: Control of the mechanism is similar to the MAGNETIC TAPE WRITE 
case. DS«S3'SV (high during the TRANSFER state of the initiating command) 
fires the FORWARD thyratron. The tape will move past the READ-WRITE head 
resulting in codes being read into the INPUT system. Finally, when a STOP 
code reaches the OB's, (s) • [STOP] 0B - OCl fires the STOP thyratron; this minimizes 
tape travel after the STOP code is detected. (The READY signal, which normally 
stops the tape, will not appear until 1-2 drum cycles after the STOP code is 
received since this much time must be allowed for the MZ - M19 precession 
associated with a STOP code.) There are no restrictions on TRANSFER timing. Once 
the tape is in motion (7.5 in/sec), data previously recorded on it will appear 
in terms of LEVEL signals at the same character rate that was established in the 
writing operation. (See also sec. F-15d.) 
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MULTIPLE MAGNETIC TAPE UNITS 

F-12a CHARACTERISTIC qualification: Up to four MAGNETIC UNITS may be 
attached to one G-15D. The one selected to be active during a MAGNETIC 
INPUT-OUTPUT operation is a function of the CHARACTERISTIC bits of the 
initiating command. The CHARACTERISTIC to which a unit will respond is se- 
lected by a 4-position switch on the unit itself as shown on Drawing 47. 

F-12b When more than one MAGNETIC UNIT is attached to a G-15D, the units 
are "chain-wired". Input and output wires are connected to two connectors 
on each MAGNETIC TAPE UNIT. In this way, the G-15D itself only requires 
one connector for MAGNETIC equipment. 

F-12c The LEVEL output stages of each unit are cathode-followers. Connecting 
the outputs of each unit in parallel constructs cathode-follower OR gates, 
hence no additional mixing circuits are required. Only one unit should be 
operated as a reader at any one time; however, more than one can be 
simultaneously writing in the event that duplication is desired. 

MAGNETIC TAPE WRITE FILE CODE 

F-13 The 6th LEVEL on MAGNETIC TAPE is available for FILE CODES, which may 
be used to locate information blocks or groups of blocks. Just where these 
FILE CODES are written is a function of the controlling program in the G-15D. 
Once written, a FILE CODE may be used as the object of a SEARCH operation 
(for tape positioning purposes). Writing a FILE CODE does not involve tape 
motion. DS«S7«SW, which arises during the TRANSFER state of the WRITE FILE 
CODE command, qualifies the 6th LEVEL writing circuit in the magnetic unit 
selected by the CHARACTERISTIC code. TRANSFER must last for 4 word times to 
yield a 1 millisecond writing pulse; there are no restrictions as to when 
these word times can occur during a drum cycle. 

MAGNETIC TAPE SEARCh 

F-14a TAPE SPEED: 0100 or 0101 in the OC's yields the signal "FAST". This 
turns on a pair of relay puller triodes in the tape unit energizing the FAST 
relay (see dwg. 47). This relay reconnects the windings of the multi-pole 
capstan drive motor in the tape transport mechanism such that its angular 
velocity is increased by a factor of 6:1. This means that the tape, when in 
motion, will be driven at a rate of 45 inches/sec (i.e., 6 x 7.5 in/sec). 

F-14b FORWARD or REVERSE: Regardless of direction, when the tape reaches a 
FILE CODE, a 6th LEVEL output will arise. If the TRANSFER state of the 
initiating command is not still high, the 6th LEVEL output signal will set 
0F3 which will reset the OC's. This yields READY, which fires the STOP 
thyratron. 



F-14c The DS-S1 term, which qualifies the 0F3 S gate, permits the system to 
ignore FILE CODES existing close to the point on the tape from which the search 
starts. By programming the duration of TRANSFER the programmer can render the 
search selective to different degrees. 

F-14d FORWARD SEARCH: DS'Sl'SV (if qualified by CHARACTERISTIC) fires the 
FORWARD Thyratron; READY fires the STOP thyratron. 
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F-14e REVERSE SEARCH: DS-Sl-SU (if qualified by CHARACTERISTIC) fires the 
REVERSE thyratron; READY fires the STOP thyratron. 

TIME ALLOWANCES - MAGNETIC TAPE 

F-15a In general, no change in motion of the tape should be called for 
within less than a drum cycle of the previous change. The reason for this 
is that the charges on the condensers linking the thyratron plates in the 
MTA-2 need time to stabilize. 

F-15b A MAGNETIC TAPE READ or WRITE operation should not follow a SEARCH 
operation by less than 16 drum cycles, otherwise the capstan will not have 
decelerated to 7.5 inches per second peripheral speed. This holds true even 
if different MAGNETIC TAPE UNITS are involved since all capstan motors are 
subject to FAST control regardless of CHARACTERISTIC code. 

F-15c A MAGNETIC TAPE READ should not follow a MAGNETIC TAPE WRITE by less 
than 4 drum cycles. A writing operation saturates the reading amplifiers 
in the MAGNETIC TAPE UNIT and recovery time must be allowed. As a matter of 
fact, no INPUT operation should immediately follow a MAGNETIC TAPE WRITE since 
the MAGNETIC TAPE reading circuits, until stabilized, will disturb the INPUT 
LEVELS and HC. 

F-15d An MTA-2 can be programmed to search in reverse for a STOP code by 
first calling for a REVERSE SEARCH (04-^-31) followed shortly by a GATE TYPE-IN 
(12 — >-31). The tape will travel in reverse at 7.5 inches per second until a 
STOP code is reached. The STOP code will cause READY to rise in 1-2 drum 
cycles; READY fires the stop thyratron. (f)-[ST0P] Q • 0C1 will not fire the 
stop thyratron (as per Sec. F-ll) since 0C1 is low under these circumstances. 
The purpose of 0C1 in the above term is to allow ample "overshoot" so that 
the STOP code may be reliably read in a forward direction if required. 
(Programming literature should be consulted for rules relating to this special 
use of the MTA-2.) 

FAST PUNCH OPERATIONS (FAST-OUT) 

F-16 Two FAST-OUT operations (S = 02, 03) are available for controlling and 
feeding data to optional peripheral devices such as the PTP-1, AN-1, and AN-2. 
These operations use the FAST-OUT logic, controlled by feedback, to supply 
characters from LINE 19 to the output devices at rates determined by the devices 
themselves. (Details are discussed in literature dealing with the accessories 
in question.) 

"SET READY" COMMAND (00 —*- 31) 

F-17 The SET READY command resets the OC flip-flops (ref. dwg. 45: DS-SO-SU 
gate on OC ). It also sets OD if the 0C configuration at the time of execution 
is not divisible by 4 (ref. dwg. 60, lower right: DS-S0-(0C1 + 0C2) on OD ). 
The combination of OD -FAST-OUT results in a 4-word precession of LINE 19, 
followed by READY, which rises after the second TO following execution of the 
SET READY command. This feature is quite useful in programming. SET READY is 
also used in command sequences for purposes of positioning MAGNETIC TAPE. 



SECTION G 



POWER SUPPLIES AND TURN- ON CYCLE 



The circuits described in this section introduce no new logical 
concepts, but do require a reasonable knowledge of some circuits 
previously described. 
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POWER SUPPLIES 

G-la Four D.C. power supplies supply all of the necessary D. C. potentials 
to operate the computer. These supplies will yield their outputs, provided 
their primary circuits are connected to A.C., by a relay (K3) associated with 
the TURN-ON system. The four supplies are all conventional full-wave bridge 
rectifiers terminated with choke input filters and yield outputs as follows: 

+ 250V for writing pentodes and the CLOCK CHASSIS 

+ 160V for relays and solenoids 

+ UOV^i for +100V, OV, -13V, -20V, and -160V to supply the logic 

I circuits (The -25V and -75V supplies for READ CLOCK are 
- 160V J parasites on the +100V and -160V supplies - ref. B-3h-j.) 

G-lb The +120V and -160V supplies are interconnected in terms of load current 
loops and form the circuit shown below: 



+100V 




SUPPLY 



MAJOR LOAD CURRENT 
LOOPS: 

1^: Tube current - 
CF's, BI's, FF's, 
etc. 

l£: Clamping current 
non-conducting 
tubes, etc. 

I-: Clamping current 
conducting tubes, 
etc. 



(NOTE: arrows indicate 
electron flow) 



-160V 



G-lc This hookup yields four stable output voltages by means of only two 
supplies. Drawing 58 shows the details of the arrangement. 



G-ld The ground returns for +250V, +160V, and (+120V and -160v] are 0V 
OVb and OV a respectively. They are all at OV as far as D 
but not necessarily in terms of RF (i.e. transients), 
ground returns, the transient problem is reduced. 



c » 



C. is concerned 
By using separate 
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G-le The average load presented by the logic circuits is steady since, on 
the average, whenever one tube cuts off, another turns on. Deviations from 
this average may be expected to be of very short duration. At any rate, 
generous amounts of filter capacitance shunt every supply, rendering them 
tolerant of changing load requirements and relatively immune to line voltage 
transients unless they are of unreasonable proportions. 

G-lf Since these supplies are unregulated, their output levels are a function 
of line voltage. Line voltage is adjustable by means of a variable transformer 
(front panel control), the output of which supplies a boost to the line by 
means of T4 (dwg. 56 - left). The adjusted (boosted) AC feeds the primary 
circuits of the power supply transformers and the filament transformer. The 
motors employ AC directly from the line since they are not critical. The 
variable transformer is adjusted for a 6.3V indication on the filament volt- 
meter. 

G-lg Gradual drifts in line voltage may be compensated for by manually 
adjusting the variable transformer; however, should this become a problem, a 
line voltage regulator is recommended. Should the line voltage be subject to 
unreasonable dips and/or interruptions, rotary machinary (M-G set) is re- 
commended. The G-15D is tolerant of sizable deviations in line voltage, but 
it has its limits. The limits are a function of how effective the scheduled 
maintenance activities are. Ordinarily a G-15D should be expected to tolerate 
at least 10% line voltage deviations. 

G-lh To facilitate scheduled maintenance (marginal checking) activities all 
supplies are variable by means of front panel controls. Varying the supplies 
individually can upset circuit constants to the extent that a deteriorating 
component may be detected and replaced before it fails in normal service. 
Varying the line voltage transformer reduces all supplies in proportion and 
also the filament voltage, providing another means of marginal checking. 

G-li A per-cent reading meter is available to monitor all potentials. A 
switch is provided to connect the supply to be measured in the correct polarity 
and with the proper amount of multiplier resistance. 

G-lj Varying of supplies is accomplished as follows: 



+250V: Control C (variac), continuously variable. 

+160V: Control B (switch - SW3), 10% drop. 

+100V: Control A (switch - SW2), 10% drop. 

-13V: Control D (potentiometer - R12), continuously variable. 

-20V: Control E (potentiometer - R13), continuously variable • 
affects - 13V in proportion 



-160V: Control F (switch - SWl), 10% drop. 

G-lk Controls A and F, when inserting resistance in series with the loads of 
their associated supplies (to create 10% drop), also adjust the load on the supply 
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by compensatory resistance to keep power supply current constant. This is 
necessary since the currents of the +120V and -160V supplies determine the 
level of the -20V and -13V potentials. 

THE TURN- ON CYCLE 

POWER 

G-2a Drawing 56 illustrates the TURN-ON CYCLE activity and the hardware 
involved. When power is first applied to the computer, TIMING-MOTOR #1 
(TMl) runs, driving a built-in gear train. The output shaft drives a rotary 
2 -wafer switch which controls relays Kl and K2 as shown on Drawing 56 (upper 
right). TMl stops when the K1-K2 configuration is achieved. Kl and K2 
control the amount of series resistance in the filament transformer primary 
circuit, incrementing the filament voltage as shown on Drawing 56 (upper 
left). 

G-2b The system is relaxed when TMl stops, but is ready to proceed if the 
D.C. RESET button is pushed. D.C. RESET starts the second phase of the 
TURN-ON-CYCLE by starting TM2. TM2 with its' gear train also drives a rotary 
switch. This switch has 4 wafers. Shortly after TM2 starts, K3 pulls in, 
energizing all D.C. power supplies. When this happens, the D.C. RESET 
button can be released. 

G-2c Safety circuits can open K3 and turn off D.C. K5, K6, K7, and K8 
provide overload safety features. Also pairs of jumpered points located in 
each DIODE CLAMP package (points L and M) are chain-wired such that removal 
of any DIODE CLAMP package will break the chain, opening K3 and turning off 
D.C. (Naturally, D.C. should have been turned off - by the D.C. OFF button - 
prior to removal of such a package) . 

TURN-ON LOGIC (Ref. dwgs. 56, 57) 

G-2d As soon as D. C. appears, the <CLEAR> signal rises to make sure the OC's 
are reset immediately in order to prevent random activation of an INPUT-OUTPUT 
device. <CLEAR> also resets CQ to assure the first command to be read will 
be read at word N, rather than N+l (dwg. 30). (See also sec. C-19e.) 



G-2e Then <CLEAR> drops to -20V, blocking recirculation of the NUMBER TRACK 
(CN) to clear it of any ONES. 

G-2f Then the signal <0P> drops to -20V and <0P> becomes high, resetting 
the CY flip-flop in the ORIGIN PULSE (i.e. TO) generating circuit to be found 
on Drawing 57. CY resets at the first clock pulse to detect <0P>, and after 
many drum cycles it will be set when the first clock pulse detects <0P^>. 

G-2g While CY was set it caused CE to be set. With CY reset, CE remains 
set since nothing can reset it - yet. This CY«CE configuration permits 
gate A to write ONES in every T29 position of CN, provided a ZERO is read at 
the READING FLIP-FLOP (CN) . When the 109th T29 pulse prepares to write a 
ONE, the very first ONE which was written appears at the READING FLIP-FLOP 
(CN) dropping the CN signal and preventing the writing by gate A. 

G-2h CN, now present, causes CE to be reset, qualifying recirculation gate 
B. The information now recirculating consists of ONES in all but one of the 
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T29 positions. That particular T29 position containing a ZERO may be de- 
fined as "TO" (= T29-CN), the ORIGIN PULSE. Gate B will continue to provide 
recirculation until <0P> sets CY; then gate C takes over and the activity of 
gate B is of no consequence. 

G-2i As soon as CY was set, rendering gate C the recirculation path, CE 
assumed its normal function of being high during EVEN word times and low 
during ODD. Note that CE cannot be reset at T29-CN (i.e. TO) time therefore 
it will inevitably be high during WORD 0; this is the "locking-in" system 
assuring CE's proper orientation. 

G-2j From this point on, the basic timing signals required to operate the 
SLOW- IN system are established (i.e. TO and TF) . 

G-2k <0P> also resets CG, assuring that the first command to be read will not 
come from AR (dwg. 22). (See also sec. D-16b.) 

G-21 The next operation of the TURN-ON CYCLE is the generation of the <AUT0 
TAPE START> signal. When this signal arises, it sets the OC's to 1111, 
initiating a PHOTO TAPE READ operation, resulting in LINE 19 obtaining the 
first block of information from the tape. This should be the desired contents 
of the NUMBER TRACK. Also, CQ and CG are reset and CH is set. 

G-2m The next signal to arise from the motor-driven switch is <NT>, which 
qualifies gate D (dwg. 57). Gate D copies the contents of LINE 19 into the 
NUMBER TRACK. It is not necessary to block recirculation of t he NU MBER 
TRACK during this operation since it was cleared by dropping <CLEAR>, and 
the T29 information just established in it is the same as the new information 
to be copied from LINE 19. 

G-2n The next operation in the TURN- ON CYCLE is another automatic PHOTO TAPE 
READ. This loads the next block of tape information into LINE 19 (and LINE 
23), simultaneously making sure the COMMAND LINE is set to 23 and N = 00 (see 
dwg. 22). This last block of information can be a "LOADING ROUTINE". 

G-2o After this operation is concluded K4 pulls in, stopping TM2 and lighting 
the READY light (green). 

G-2p An interlock is provided to stop TM2 if its associated rotary switch 
needs stopping (to prevent premature signals) while the PHOTO TAPE READER is 
still operating. The condition of the FORWARD relay in the PHOTO TAPE READER 
provides this feature. 

G-2q From the time the READY lamp lights, the computer is ready for operation. 
(Do not confuse this READY light with the READY ("R") neon on the neon panel.) 

MAINTENANCE SWITCHES 



G-3a These switches were mentioned in sec. E-12. Half of them duplicate the 
functions which are ordinarily provided automatically by the switch sections 
driven by TM-2. The switches are as follows: 

CLEAR NT: duplicates the function of <CLEAR> . That is, it blocks 

recirculation of the NUMBER TRACK, clearing it of any ONES. 

- 97 - 



SET OP: 



It does so by shorting the true output of CN to -20V; 
unusual, but effective. 

duplicates the functions of <0P> and <0P> in controlling 
CY, thereby establishing ORIGIN PULSE (TO) in the NUMBER 
TRACK. 



SET NT: duplicates the function of <NT>, applying the LINE 19 
reading flip-flop (M19) to the writing station of the 
NUMBER TRACK. 



CLEAR M23: when depressed, drops <M23 CLEAR) to -20V, thereby block- 
ing recirculation of LINE 23 - clearing it of any ONES, 
(dwg. 3D290) 

CLEAR M19: when depressed, raises <M19 CLEAR> to OV, thereby blocking 
recirculation of LINE 19 - clearing it of any ONES 
(dwg. 3D290) 

SET M19: when depressed, raises <M19 SET) to OV, thereby qualifying 
the M19 writing gate <M19 SET)-CN, copying the NUMBER 
TRACK into LINE 19. This does not block M19 recirculation, 
therefore "CLEAR M19" should be depressed first (dwg. 3D290) 

G-3b (The D.C. LOCKOUT toggle switch is a safety switch which renders 
application of D.C. voltage impossible - ref. dwg. 56. It is particularly 
useful in preventing complete machine "turn-on" while maintenance procedures 
are being undertaken.) 
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PART II - SIMPLIFIED DRAWINGS 

This collection of simplified drawings constitutes Part II of this manual. 
Drawings 1-64 refer to both NUMERIC and ALPHANUMERIC G-15s, while 
drawings 65-88 refer to ALPHANUMERIC models only. 
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81. 


ii 


82. 
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83. 


ANC-2: 


84. 


ANC-2: 


85. 


ANC-2 : 


86. 


IN/OUT 


87. 


ii 


88. 


ANC-1: 
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RELAY CONTROL 

ENCODER 

G15 CONTROL 

WRITER (AT-l/AT-2) 
ti ii 

AN TYPE-OUT TIMING 
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SOURCE - DESTINATION TABLE 



s 

CODE 


SOURCE 


00 (OU) 

01 (OV) 

02 (OW) 

03 (OX) 


Line 
» 1 
ii 2 
n 3 


ou (iu) 

05 (iv) 

06 (iw) 

07 (IX) 


" U 
„ 5 

6 
7 


08 (2U) 

09 (2V) 

10 (2W) 

11 (2X) 


8 
ii 9 

» 10 
" 11 


12 (3U) 

13 (3V) 
Hi (3W) 
15 (3X) 


" 12 
ti 13 

" lU 
n !5 


16 (UU) 

17 (i|V) 

18 (UW) 
I 19 (UX) 


» 16 
n 17 

» 18 

" 19 (IN-OUT) 


20 (5U) 

21 (5v) 

22 (5*0 
1 23 (5X) 


" 20 (U word) 
" 21 (U word) 
" 22 (U word) 
» 23 (U word, IN-OUT )_ 


"2U (6U) 

25 (6V) 

26 (6W) 
I 27 (6X) 


MQ Register 
ID Register 
PN Register 
20*21 * 20«AR 


28 (7U) 
"29 (7V) * 
"30 (7W) 

31 (7X) 


AR 
* 20* ( INPUT REGISTER ) 
20-21 
20.21 



D 
CODE 



00 (OU) 

01 (OV) 

02 (OW) 

03 (OX) 



OU (iu) 

05 (iv) 

06 (IW) 

07 (IX) 



08 (2U) 

09 (2V) 

10 (2W) 

11 (2X) 



12 (3U) 

13 (3V) 
IU (3W) 
15 (3X) 



16 (UU) 

17 (UV) 

18 (UW) 

19 (UX) 



20 (5U) 

21 (5V) 

22 (5W) 

23 (5X) 



2U (6U) 

25 (6V) 

26 (6W) 

27 (6X) 



28 (7U) 
'29 (7V) 
30 (7W) 
!31 (7X) 



DESTINATION 



Line 

» 1 

it 2 

" 3 



ii 
ti 
it 
ti 



u 

5 

6 
7 



ti 
it 
h 
n 



8 

9 
10 
11 



n 
n 
it 
it 



12 
13 
IU 
15 



it 
ii 
n 



16 
17 
18 
19 (IN-OUT) 



ti 
it 

rt 
ii 



20 (U word) 

21 (U word) 

22 (U word) 

23 (U word, IN-OUT). 



MQ Register 

ID Register 

PN Register (PN C ) 

TEST (non-zero) 



AR 

Add to AR 

Add to PN 



(AR C ) 
(AR + ) 
(PN+) 



P'SPECIAL PEST. #31" 



MQ Register » MULTIPLIER-QUOTIENT Register (2 word) 
ID Register - MULTIPLICAND-DENOMINATOR Register (2 word) 
PN Register - PRODUCT-NUMERATOR Register (2 word) 
AR ' - ACCUMULATOR REGISTER (1 word) 

$ means auxiliary equipment is required for normal operation 

* can be used as source of ZEROS for clearing lines. 
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SPECIAL COMMANDS TABLE (DESTINATION - 31) 



s 

CODE 


CH 
CODE 


HEX. 
CODE 


SPECIAL COMMANDS (D CODE = 31) 


00 (OU) 

01 (OV) 

02 (OW) 

03 (OX) 


0,1,2,3, $ 
$ 
$ 


Olz 
03z* 
05z 
07z 


SET "READY" 
MAGNETIC TAPE WRITE 
EAST PUNCH LEADER, etc. 
FAST PUNCH M19, etc. 

J 


* OUT 


>- -FAST 


04 (1U) 

05 (IV) 

06 (IW) 

07 (IX) 


0,1,2,3 $ 
0,1,2,3 $ 


09z* 
Ovz* 
Oxz 
Ozz 


MAGNETIC TAPE SEARCH, REV. 
MAGNETIC TAPE SEARCH, FOR. 
PHOTO TAPE REVERSE (01) 
PHOTO TAPE REVERSE (02) 


- IN 

• 


08 (2U) 

09 (2V) 

10 (2W) 

11 (2X) 


$ 


llz 
13z 
15z 
17z 


TYPE AR \ & punch if toggle 
TYPE M19J switch is set 
PUNCH M19 
CARD PUNCH M19 


> OUT 


> -SLOW 


12 (3U) 

13 (3V) 

14 (3W) 

15 (3X) 


0,1,2,3 $ 
$ 


19z 
lvz* 
lxz 
lzz 


TYPE IN 

MAGNETIC TAPE READ 
CARD READ, etc. 
PHOTO TAPE READ 


> IN 

J 



OC's 

•••• s 

0001 
0010 
0011 

0100 
0101 
0110 B 
0111 

1000 A 
1001 
1010 
1011 

1100 Q 
1101 
1110 
1111 P 



16 (4U) 






21z 


HALT 




17 (4V) 





• 


23z 


RING BELL 




ti 


1 




63z 


RING BELL and <MAN. PUNCH> to TEST 




ii 


2 


$ 


u3z 


RING BELL and START INPUT REGISTER 




ii 


3 


$ 


y3z 


RING BELL and STOP INPUT REGISTER 




18 (4W) 




$ 


25z 


TRANSFER M20«ID to OUTPUT REGISTER 




19 (4X) 





$ 


27z 


START DA-1, etc. 




ii 


1 


$ 


67z 


STOP DA-1, etc. 




20 (5U) 


0,1,2,3 




29z* 


SELECT COMMAND LINE (CH & s/d); RETURN EXIT 
SELECT COMMAND LINE (CH & S/D); MARK EXIT 


21 (5V) 


0,1,2,3 




2vz* 


22 (5W) 






2xz 


SIGN OF AR to TEST (Tl«AR-»-TEST) 




23 (5X) 







2zz 


CLEAR MQ, ID, PN, and IP F.F. 




ti 


3 




yzz 


PN-M2 — *■ ID, and PN«M2 — >- PN 




24 (6U) 






31z 


MULTIPLY (ID X MQ plus PN Q -^PN) 




25 (6V) 


1 




73z 


DIVIDE (PN -*- ID ->-MQ) 


, T is 


26 (6W) 


0,1 




35z* 


SHIFT MQ LEFT and ID RIGHT 1 increment 


rel. 


27 (6X) 


0,1 




37z* 


NORMALIZE MQ [ AR if CH 




28 (7U) 







39z 


"READY" ^ 






ii 


1 


$ 


79z 


"READY IN" 






ii 


2 


$ 


v9z 


"READY OUT" 


> to TEST 




> " 


3 


$ 


z9z 


DA-1 OFF 






29 (7V) 






3vz 


OVERFLOW J 






30 (7W) 


0,1,2,3 


$ 


3xz* 


MAGNETIC TAPE WRITE FILE CODE 




31 (7X) 







3zz 


NEXT COMMAND from AR 




ii 


1 




7zz 


TRANSFER NT to Ml8 (CN or Ml8 -*-Ml8) 




u 


Q 






«(*, AUf -t"MJ20 " 





* means HEX. CODE FOR CH = only 

$ means auxiliary equipment is required for normal operation 
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DEC. 



HEX. 



BINARY 



o g h 


\0 H _^f CM \0 OO _3- CM H 


of - o 

o o o 

H H H 


- O J 

S3 


V> + <n 01 - o 

M W W WO0OJ W 


• • • 


• • 


• •••••• 


• • 1 


• 1 


• ••••• 1 


• • 2 


• 2 


• ••••10 


• • 3 


• 3 


•••••11 


• • h 


• k 


• •••100 


• • 5 


• 5 


• •••101 


• • 6 


• 6 


• •••110 


• • 7 


• 7 


••••111 


• • 8 


• 8 


• ••1000 


• • 9 


• 9 


• ••1001 


• 1 


• u 


• ••1010 


• 1 1 


• V 


• ••1011 


• 1 2 


• w 


• ••1100 


• 13 


• X 


• ••1101 


• 1 U 


• y 


• ••1110 


• l 5 


• z 


•••1111 


• l 6 


1 


• •10000 


• 1 7 


1 1 


• •10001 


• 1 8 


1 2 


• •10010 


• 19 


1 3 


• •10011 


• 2 


111 


• •10100 


• 2 1 


l 5 


• •10101 


• 2 2 


1 6 


• •10110 


• 2 3 


1 7 


• •10111 


• 2 U 


1 8 


• •11000 


• 2 5 


1 9 


• •11001 


• 2 6 


1 u 


• •11010 


• 2 7 


1 V 


• •11011 


• 2 8 


1 w < 


• •11100 


• 2 9 


1 x < 


• •11101 


• 3 


iy 


• •11110 


• 3 1 


1 z . 


••11111 


• 3 2 


2 « 


» 1 


• 3 3 


2 1 i 


► 10 1 


• 3k 


2 2 i 


• 10 10 


• 3$ 


2 3 . 


• 10 11 


• 36 


2 li . 


ilOOlOO 


• 3 7 


2 5 i 


• 10 10 1 


• 3 8 


2 6 i 


• 10 110 


• 3 9 


2 7 « 


• 10 111 


• 4 


2 8 • 


• 10 10 


• h 1 


2 9 i 


(10 10 1 


• U 2 


2 u « 


• 10 10 10 


• U 3 


2 v « 


.10 10 11 


• 1* u 


2 w t 


10 110 


• U 5 


2 x « 


10 110 1 


• U 6 


2 y i 


10 1110 


• k 7 


2 z i 


10 1111 


• U 8 


3 • 


110 


• k 9 


3 1 • 


110 1 


• 5 


3 2 • 


110 10 


• 51 


3 3 • 


110 11 


• 5 2 


3k • 


110 10 


• 5 3 


3 5 • 


110 10 1 


• 5U 


3 6 • 


110 110 


• S 5 


3 7 • 


110 111 


• 56 


3 8 • 


1110 


• 5 7 


3 9 • 


1110 1 


• 58 


3 u • 


1110 10 


• 59 


3 v • 


1110 11 


• 60 


3w • 


11110 


• 61 


3 x • 


11110 1 


• 6 2 


3y • 


111110 


• 63 


3 z • 


liinr 



DEC. 



HEX. 



BINARY 



OOH 


■vQ H 


-d- eg vo oo ^t <\j H 


n - o 

o o o 

H H rt 


33 


j io + m j| - o 
CM CVI OJ CM CM CJ CO 


• 6 U 


h o 


10 


• 6 5 


U l 


10 1 


• 6 6 


h 2 


10 10 


• 6 7 


U 3 


10 11 


• 6 8 


UU 


10 10 


• 6 9 


h 5 


10 10 1 


• 7 


U 6 


10 110 


• 7 1 


U 7 


10 111 


• 7 2 


U 8 


10 10 


• 7 3 


U 9 


10 10 1 


• 7 k 


h u 


10 10 10 


• 7 5 


U v 


10 10 11 


• 7 6 


U w 


10 110 


• 7 7 


1+ x 


10 110 1 


• 7 8 


i+y 


10 1110 


• 7 9 


U 2 


10 1111 


• 80 


5 o 


10 10 


• 8 1 


5 i 


10 10 1 


• 8 2 


5 2 


10 10 10 


• 8 3 


5 3 


1 O'l 1 1 


• 8 h 


5U 


10 10 10 


• 8 5 


5 5 


10 10 10 1 


• 8 6 


5 6 


10 10 110 


• 8 7 


5 7 


10 10 111 


• 8 8 


5 8 


10 110 


• 8 9 


5 9 


10 110 1 


• 90 


5 ii 


10 110 10 


• 9 1 


5 v 


10 110 11 


• 9 2 


5 v 


10 1110 


• 9 3 


5x 


10 1110 1 


• 9 h 


5y 


10 11110 


• 9 5 


5 z 


10 11111 


• 9 6 


6 


110 


• 9 7 


6 1 


110 1 


• 9 8 


6 2 


110 10 


• 99 


6 3 


110 11 


10 


6 U 


110 10 


10 1 


6 5 


110 10 1 


10 2 


56 


110 110 


10 3 


6 7 


110 111 


10lt 


6 8 


110 10 


105 


6 9 


110 10 1 


10 6 


6 u 


110 10 10 


10 7 


6 v 


110 10 11 


10 8 


6 w 


110 110 


10 9 


6 x 


110 110 1 


110 


6y 


110 1110 


111 


6 z 


110 1111 


112 


7 


1110 


113 


7 1 


1110 1 


m 


7 2 


1110 10 


115 


7 3 


1110 11 


116 


7 U 


1110 10 


117 


7 5 


1110 10 1 


118 


7 6 


1110 110 


119 


7 7 


1110 111 


1 2 


7 8 


11110 


12 1 


7 9 


11110 1 


12 2 


7 u 


11110 10 


12 3 


7 v 


11110 11 


1 2 h 


7 w 


111110 


1 2 5 


7 x 


111110 1 


12 6 


7y 


1111110 


12 7 


7 z 


1111111 



-5- 



* 








T 








BP 








N 








CH 






S 










D 






\ 


29 


28 


27 


26 


If 


24 


23 22 


21 


20 19 


1 


IT IB 


ii 


14 


13 


12 


.... 


id 


.......... 


.... 


mini! 

6 

llllllll 


■1 inn inn mi 

5 4 3 2 

lllllllll llllllll llllllll lllllll 


l 




c 


1 






c 2 






c$ 






c 4 






& 


c 6 


«l 











X 



v -v * 



S -V 



SEE BOTTOM TABLE 



S| 3(| [»-" means DOUBLE PRECISION 



1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 





1 


2 


3 


1* 


5 


6 


7 


8 


9 


10 


11 


12 


13 


11* 


IS 


16 


17 


18 


19 


20 


21 


22 


23 


21* 


25 


26 


27 


28 


29 


30 


31 


32 


33 


3lt 


35 


36 


37 


38 


39 


1*0 


1*1 


1*2 


1*3 


1*1* 


1*5 


1*6 


1*7 


U8 


1*9 


So 


51 


52 


53 


51* 


55 


56 


57 


58 


59 


60 


61 


62 


63 


61* 


65 


66 


67 


68 


69 


70 


71 


72 


73 


71* 


75 


76 


77 


78 


79 


80 


81 


82 


83 


81* 


85 


86 


87 


88 


89 


90 


91 


92 


93 


91* 


95 


96 


97 


98 


99 


100 


101 


102 


103 


101+ 


105 


106 


107 


108 


109 


110 


111 


112 


113 


111; 


115 


116 


117 


118 


119 


120 


121 


122 


123 


121* 


125 


126 


127 



T or N number 

















DESTINATIONS 
















Line 


Line 


Line 


Line- 


Line 


MQ 


ID 


PN r 


Test 


AR,. 


AR+ 


PN+ 






SOURCE 


00 


- IS 


16 


- 19 


20 


- 21* 


25 


26 


27 


28 


29 


30 


31 


SPECIAL COMMANDS* 




00 


000 


- OOz 


010 


- 013 


Oil* 


- 018 


019 


Olu 


Olv 


Olw 


Olx 


Oly 


Olz 


Set READY 




01 


020 


- 02z 


030 


- 033 


031* 


- 038 


039 


03u 


03 v 


03w 


03x 


03y 


03z 


Mag. Write 




02 


0l»0 


- OUz 


050 


- 053 


051* 


- 058 


059 


o5u 


OSv 


o5w 


05x 


05y 


OSz 


Fast Punch Ldr. 




03 


060 


- 06z 


070 


- 073 


071* 


- 078 


079 


07u 


07v 


07w 


07x 


07y 


07 z 


Fast Punch M19 




01* 


680 


- 08z 


090 


- 093 


091* 


- 098 


099 


oyu 


09v 


09w 


09x 


09y 


09z 


Mag. Search rev. 




05 


OuO 


- Ouz 


OvO 


- Ov3 


Ovl* 


- Ov8 


0v9 


Ovu 


Ow 


Ow 


Ovx 


0-»y 


Ovz 


Mag. Search fwd. 




06 


OwO 


- Owz 


0x0 


- 0x3 


Oxlj 


- 0x8 


0x9 


Oxu 


Oxv 


Oxw 


Oxx 


Oxy 


Oxz 


Ph Tape rev. 01 




07 


OyO 


- Oyz 


OzO 


- 0z3 


Ozl* 


- Oz8 


Oz9 


Ozu 


Ozv 


Ozw 


Ozx 


Ozy 


Ozz 


Ph Tape rev. 02 




06 


100 


- lOz 


110 


- 113 


111* 


- 118 


119 


llu 


llv 


llw 


llx 


iiy 


llz 


Type AR 




09 


120 


- 12z 


130 


- 133 


131* 


- 138 


139 


13u 


13v 


13w 


13x 


i3y 


13b 


Type M19 




10 


11(0 


- ll;z 


i5o 


- 153 


151* 


- 158 


159 


I5u 


I5v 


15m 


15x 


iSy 


ISz 


Punch M19 




11 


160 


- 16z 


170 


- 173 


171* 


- 178 


179 


17u 


17v 


17w 


17x 


I7y 


17z 


Punch Card M19 




12 


180 


- I8z 


190 


- 193 


191* 


- 198 


199 


19u 


l°v 


19w 


19x 


I9y 


19z 


Type In 




13 


luO 


- luz 


lvO 


- Iv3 


lvU 


- Iv6 


lv9 


lvu 


Iw 


lvw 


lvx 


l-vy 


lVB 


Mag. -Head 




11* 


lwO 


- Iwz 


1x0 


- 1x3 


lxl* 


- 1x8 


1x9 


Ixu 


lxv 


lxw 


lxx 


Ixy 


Ixz 


Card Read 




IS 


lyo 


- lyz 


lzO 


- Iz3 


lzl* 


- Iz8 


lz9 


lzu 


lzv 


lzw 


lzx 


lzy 


lzz 


Ph Tape Read 




16 


200 


- 20z 


210 


- 213 


2m 


- 218 


219 


21u 


21v 


21w 


21x 


2iy 


21z 


Halt 




17 


220 


- 22z 


230 


- 233 


231* 


- 238 


239 


23u 


2 3v 


23w 


23x 


23y 


23z 


Ring Bell 




18 


21(0 


- 2uz 


250 


- 253 


2 51* 


- 258 


259 


2Su 


25t 


25w 


25x 


25y 


25z 


20-ID to OR 




19 


260 


- 26z 


270 


- 273 


271* 


- 278 


279 


27u 


27v 


27w 


27x 


27y 


27z 


Start DA-1 




20 


280 


- 28z 


290 


- 293 


29k 


- 298 


299 


29u 


29v 


29w 


29x 


29y 


29z 


Return 




21 


2uO 


- 2uz 


2vO 


- 2v3 


2vi* 


- 2v8 


2v9 


2ra 


2w 


2™ 


2vx 


2vy 


2vz 


Mark 




22 


2wO 


- 2wz 


2x0 


- 2x3 


2xli 


- 2x8 


2x9 


2xu 


2xv 


2xw 


2xx 


2xy 


2xz 


Test T1»AR 




23 


2yO 


- 2yz 


2zO 


- 2z3 


2zl* 


- 2z8 


2z9 


2zu 


2zv 


2zw 


2zx 


2zy 


2zz 


PG Clear 




MQ 2k 


300 


- 30z 


310 


- 313 


311* 


- 318 


319 


31u 


31v 


31w 


31x 


3ly 


31z 


Multiply 




ID 25 


320 


- 32z 


330 


- 333 


HI* 


- 338 


339 


33u 


33v 


33w 


33x 


33y 


73z 


Divide (CH-l) 




PN 26 


31*0 


- 3l*z 


350 


- 3S3 


351* 


- 358 


359 


35u 


35v 


35w 


35x 


35y 


3Sz 


Shift 


20 


21 + 20. AR 27 


360 


- 36z 


370 


- 373 


371* 


- 378 


379 


37u 


37v 


37w 


37x 


37y 


37z 


Normalize 




AH 28 


380 


- 38z 


390 


- 393 


391* 


- 398 


399 


39u 


39v 


39w 


39x 


39y 


39z 


Test READY 




20-IR 29 


3uO 


- 3uz 


3v0 


- 3v3 


Jvh 


- 3v8 


3v9 


3vu 


3VT 


3vw 


3vx 


3vy 


3vz 


Test OVERFLOW 




50-21 30 


3wO 


- 3»z 


3x0 


- 3x3 


3x1* 


- 3x8 


3x9 


3xu 


3xv 


3xw 


3xx 


3xy 


3xz 


Mag. File Code 




20-21 31 


3yO 


- 3yz 


3zO 


- 3z3 


3zli 


- 3z8 


3z9 


3zu 


3zv 


3zw 


3zx 


3zy 


3zz 


Next Comm. fm.AR 



* SPECIAL COMMANDS: See "SPECIAL COMMANDS" table (page 3) for complete listing. 

Note: The CHARACTERISTIC used in the above table is (except for DIVIDE). 

If CH = 1, addl* to the left digit? if CH - 2, add 8j if CH - 3, add w 

Examples: CH - 1, S - 28, D - 01, last three hex. digits - 781 
CH « 3, S = 21, D = 29, Last three hex. digits - yvx 



COMMAND CONVERSION TABLE 



(Decimal to Hexadecimal) 
G-lSD 



-6- 



-*.iH- 



I 




T29CN 



I 
Oo 

i 




WO«0 



WORD 



i 




WORD L-l 



»£* 



*Sfr >" 



■i*£p* 



we ,re 



2 WORP WRITS' 



H* 



7 ^o 



^^ 



'^s. 



r^c 



s5£-cr/o/v &-/f Df?UM 



ZiEU/vl suemcf (~3/3B miniis */>£n>x . i)/>u/sc /LemJs c/ehy 




*r i? «_ s/y/xJ -£>m F£/)b H&ll> rfJnim tnirvJuccd no Je/a.y 



-«v/v lerrERs 



PART 
NO. 


PACKA&E 


PKG. 
SYMBOL 


HANDLE 
COLOR 


A 


B 


C 


D 


E 


F 


H 


J 


K 


L 


M 


N 


P 


R 


s 


T 


u 


V 


DLI083 


FLIP FLOP 


FF 


YELLOW 


INPUT , 
IB 


INPUT 
IA 


INPUT 


INPUT 
2A 


CLOCK 


OPEN 


KEY 


OVA 


OPEN 


- \40V. 


HTR 
© SSV. 


HTR 
© SSV. 


NEON 

z 


NEON 
1 


OUTPUT 
IA 


OUTPUT 
IB 


OUTPUT 
2A 


OUTPUT 

ze, 


DLI084- 


BUFFER INWERTER 


Bl 


BLUE 


INPUT 
1 


OPEN 


OUTPUT 
IB 


OUTPUT 
IA 


OPEN 


OPEN 


+IOOV. 


OVA 


OPEN 


-IfcOV. 


HTR 

essv, 


HTR 

g>55V. 


KEY 


OPEN 


OUTPUT 
2A 


OUTPUT 
SB 


OPEN 


INP4IT 

z 


DLIOBZ 


CATHODE F0L10W6R1 


CF-I 


RED 


INPUT 
1 


INPUT 
2 


INPUT 

3 


INPUT 
4- 


GRID 
DIVIDER 


GRID 

DIVIDER 


+IOOV 


OVA 


K.EY 


-ICOV 


HTR 
055 V. 


HT R 

ipssv 


OUTPUT 
1 


OUTPUT 


OUTPUT 

3 


+7K 
TO B~ 


OUTPUT 

'4 


47K. 
TOB- 


DLIOSI 


READ AMP 


RA 


GREEN 


\NPUT 
1 


SHIELD 


RETURN 


K.EAD 
CLOCK. 


CLOCK 


KEY 


+ IOOV 


OVA 


OPEN 


»l*OVj 


HTR 
®S5V 


HTR 
@55V 


OPEN 


OPEN 


OUTPUT 
IB 


OPEN 


OPCN 


OUTPUT 
IA 


DLI089 


WRITE AMR 


WA 


BLACK 


OUTPUT 
IA 


OUTPUT 

IB 


SHIELD 


INPUT 
1 


KEY 


TiffOV 


+IOOV 


OPEKJ 


OVC 


-K.OV. 


HTR 


HTR 
©SSV 


WRITE 
PULSE 


OPEN 


INPUT 

2 


SHIELD 


OUTPUT 
2B 


OUTPUT 
2A 


DLI08© 


DIODE CLAMP 


DC 




CL, 


O-i 


CL 3 


CL 4 


CL 5 


CL fc 


■WOOV 


OVA 


-zo\s 


° JuK IPER 


KEV 


CL 7 


tu » 


CL, 


CL ,» 


c-i-,, 


^.•L 


DLII63 


DIODE 1 


Dl 




C| 


//j? AT 
TO B+ 


P S,6 


c t 


C 3 


isok 

TO B + 


■HOOv' 


"»»*. 


p 7 


^8,9/0 


C 4 


c e 


<V 


C 6 


C 9 


C*> 


KEV 


C 7 


DLI08& 


DIODE 2 


DZ 




C| 


KEY 


Zj 


C* 


C 4 


C 3 


+IOOV 


C 5 


C 4 


IIOIC 
TO B + 


P* 


p 5 


P ^ 


r<. 


<\ 


P7 


IIOK 
1 TO B + 


PLI085 


DIODE 3 


t>3 




^11,12,13. 


C «-V3. 


C l*. 


c,. 


C IO 


OPEN 


■HOCV 


OPEN 


p 


OPEN) 


■w 


p 


KEY 


^7 


4,5,8. 


C l 


C-Z. 


c, 


DLII69 


CLOCK CLAMP 


CC 




open 


open 


OPEN 


open 


CLOCK 


OPEN 


OPEM 


OVA 


-z.ov 


-I3V 


OPEN 


OPEN 


WRITE 

pulse: 


KEY 


SP 


LEVEL 

<g-7oi/. 


KC 

RETURN 


READ 
PULSE 
CCLAMW 


0lIII5 


CATHOK F0LLDWER*£ 


CF-Z 


NATURAL 


INPUT 
1 


input 

2 


INPUT 
3 


INPUT 


GeiD 

DIVIDES 


&RID 

DIVIDER 


+IOOV 


OVA 


TO B- 


-IfcOV/ 


HTR 
@5SV. 


HTR 
@55V. 


OUTPUT 
1 


OUTPUT 

z. 


OUTPUT 

3 


teV 


OUTPUT 
4- 


47 K 
TO B" 



B <► 




f/"-/ 



/9 — |— ~Wf)- 



-OP 



v«°* < 15 It 

\rsok 

8 — |— ■ {?)— 1 — °>t B ■ I »(cf}— — °R 



« V 





\rsor A S^^. 



^/fS -AMR MBD Wift 

I I ° 

- * /TIN V 3*0* 




/?£rt/#H 







D-g. 



P-3 



VUTSRPNML 



r 



ABC D E FHJ K 

D-l 



>//c* <//'«*; 



CISO * 



K ErT 



Pf 



^ $ $ 



10 ? 

11 



1. 

J 



$ $ v $ V 



A B C D E tf />f A'- R 



T U V 



5t4| CR5j5R'|Cli7 



% 



¥k 



CR8 



CW 

'. V 



CRIO 



J 



KEY I 
A B C D E F ^H o d JKLMNPRSTUV 



U6C22 



PACK&GE CHART 




READ PREAMP. (CHANNEL) (nef : 33110 

(locates in chassis next to drum) 



"R.A" READ AMPLIFIER (re?: ICI007') 
t# NOTES: wA VIA oBt of soekat Hanile color: Q-R E EU 

oriA ho signo.! on Tlj piWitio.il 
at (>ts. marlcej * owe. as -fblUws : 



I 



I* (jet. RI3 + RI8) 
3* Hit. RI8*-Rie) 
2»or St (potarmtRia] or 
VIA fm &) 
3t (VIA cefeot) 
VIA , grid "to cojhoie. 
Consi'Jerina ^p-k °T* VIA 



-lOS.otv 
-101.71 V 

-lOi.OUV < E < - lol. 71 V 

- I OO. So 

- 4-.se < e< -i.aiv 

IOO.SoV ; cdt-off E- k «= o^Vrai — 4-V 



n 



WRITE HEAD 




Notes i I") Oil "tnoJest/L* i'qiob 
2)QII jamtoiestype UI17 
3) k.3Vf|tffi.i4-V is 

CO«r>eet*i. "ti (M)a/>i @ 
dF tao» |=ox.ka^e. . 

(ref 0.U0 4-ioCEs) 



READ-WRITE PflcKACfES 
«■ READ FtfEAMP. 



RA. ; W.B., 



W,A." WRITE AMPLIFIER (nf: ICIISS) 
HonJk color: BLACK 




*Di" Dio&e i (wfj \cw?) 



L__ 



;; :; 



:: :: 



-®-- 



i: .'. 



:: .: 



z 1 



NITTE ! ALL 
BEslSTortS 

Aire 3<tk,iw 



fe-. <£) ®— © 



r 



w , 



a :i 



10 



i;^;s :: 



:: :: 



[My, ;; be 



H)+-looV 






■* 



SoV 



OV 



<£___ (Py ^ (|) -(T)--® 0-..-J 

D.C." BIOD6 CUflMP (Jief: IC<t13) 

(for^loie cWi of BUFFER iNVERTeRi ajii. Flip-FLop*) 



Cm 
i 






<^ 



©- 






-H^ 



-H0OV 

— .©.- 

+ IOOV 



?RI 
fllok 



nok 



R3 
llok 



-a 



-® 



-® 



-<*) 



VV D3" BIODE 3 (nsf I ICI i+a) 




* eusrecT 
to awusm6ht 
For best 

RESULTS 



♦ -75V— 

* -esv-«- 



4=C3 .l>f 



-S6V-4- 



4=C«-(pf 



(TpREAft CLOCK CLflMP LBV. 
A?) READ CLOCK RETURN 
<R) WRITE PULSE RETURN 

<L)CLOCK 4-SHlFT PULSE CLAMP LEV. 
.(j) II & ii li RETURN f 

WRITS PULSE CLAMP LEV. 



*c.c." 

CLOCK CLUMP 

(rtf: icioo«0 
(Rr clock ckfc. "fcenmincCtibn'} 






(S>- 
©- 






r, r 

iiok? 



M DIOD£ 2. 
0*P: iciiO 



(retf oJso 44.C2E) 



+IOOV 



<g) + IOOV 



piok 



-© 



J?IODE PACKAGES (cards ) 
(Por *o»>JL 3 «t«» V 9 dt*." 
anA. clajmjsma amplications) 



+ €> 



-IfcoV©- 




JNPOT I 'F.F. " FLIP-FLOP ((«f: IC118) 1MPUTT a I 

<$> d- <g)- 

Handle color; §OLD 




Handle color : BLUE 



Notes: I) All tut>es "type 5365 

fi) BtffW- inverter usecl for *Hc"is moJ'mcJ- 

=U5 "fellows: C? na£ been disconnected. 

from V2B K"> 7 and. connecXecL to ground. 

■to reduce ni«h -freoyency response*. 
3)U3VAC @-$SVis coKnecteoL -& ® and. ® 



X +IOOV -IboV 




+ +100V -IUoV 
-©---©-"©- 

4r ff?.K ..V. 




CF I CATHODE 

Follower # I 
(nif; iciw-4-) 

Handle color: RED 



CF2 CATHODE 
FOLLOWER «►£. 
(rcf: ICIIO?) 

HanJIa color: SILVER 



(«•■£ also 4(.C2S) 



TUBE FWCKft<% Es 



FT, BI,CFI,£.CF2. 



+srov 



+SSOV 




NOT£: All |=ento4s artty^e. 1=197: 3jS ^. 



CLOCK CHASSIS 
& Associated oircufTs 



T7m<- ef S\<& 





Tl ^Feven WT 1 * 




1 . -c 




k) 








-/6- 



Input Tape 
CONTROL 



Mag.Clamp 
HANDLE 



Input Tape 
MAGAZINE 



LIT when 

A.C. Power 

is ON 




Paper Tape 
Guides 



PUNCH 
RUN 



PHOTO 

DIODES 

(Read Tape) 



Running 
Time Meter 



A.C. Volt. 
Adjust Knob 



LIT after 

TURN ON 

cycle 



PUSH to 
turn ON D.C, 
Voltages 



Selector 
SWITCH 
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Oo 

I 



CHARACTERISTIC 



COMMAND UNE 



© G O © © 



O C 



NC-AR 



Command Line 
SELECT. INDIC. 



DESTINATION 

O O ( 



INPUT-OUTPUT' 






O'ftO GO HALT 

© © r 

D.A. 
DB-PR P - SIGN 



PROD/QUOT. 
Sign Indie. 



If LIT, 

Next Command 

from A R 



READY 
Light 



DOUBLE 
PRECISION 



If LIT, Next 
Command from N+l 
instead of N 



TRANSFER TIMING 



START TR 



STOP TR 
I 




T29«AC < 



T2?»(L+T) 



PM 



iram. 



READ 

COMM. 



I/D 











T rel. 
or abs 


• 








no 


























_-u — 




T29.RC 




MARK 
EXIT 


SUSa 














yes 











T29.TR«(T-1) 



def. 



*r29.RC^(T-l) — > 



yes 



MARK 
EXIT 



no 



a 



T29.TR 



single 



S/D 



double 



T29-TR«CE 



EXAMPLES* 



13 


12 


L+T 

11 


10 


9 


T 
8 


T-l 
7 


6 


$ 


h 


(RC) 

L 

3 


2 








































— — 








i 




f 





CE means 
ODD word 



WT RC • L » 3 j T ■ 8 



Imm. , MARK EX., abs, 



Imm., MARK EX., rel. 
Imm., MARK EX. 

Def., MARK EX. 



Def., MARK EX., single 



Def., MARK EX., double 



T29*(L+T) 



T29-(T-1) 



T29.RC 
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I 

o 



SOURCE 

(ReadF.F.'s of 
memory lints) 



SOURCE 

SELECTOR 

SWITCH 



_/" 



Can modify DATA 



Controls TIMING & 
can delay DATA IWT 



EB 



EARLY 
BUS 



INVERTING 
GATES 



f(S) 



f(CH,S,0,H) 



BP 



CH 



N 




DYNAMIC ■*- 



-^STATIC 



N I 
RC \ 



Time 



I 



"I 



DESTIN 
SELECTOR 
SWITCH 



=1 DESTINATION 

(Writini Circuits 

of 
memory lines) 



f (D) 



f(D) 



TIMING INFO: TR 
f C/d.T.S.D.Vo.L) 



J RC 



1 



TRANSFER OF INFORMATION 
FROM A SOURCE 
TO A DESTINATION 



H\ Period of STATIC PORTION STABILITY (Command at L). 

||j| Data on EB & IB from selected SOURCE. 



Time of TRANSFER: Allows IB— »LB, blocks recircul. of Dest. Line. 



Data on LB. 



IJlllllllllll' 1 Data recirculating in DESTINATION LINE. 



. TO 

♦ EARLY BUS 

7TL 




ii3^ 



rv> 



MARKCM- 






U 



WRITE 



£ 



. TO 

♦ EARLY BUS 




A 



WRITE 



LINES & 1 RECIRCULATE AT ALL 
TIMES EXCEPT: 

1 . At time of transfer when the line 
is a DESTINATION. 

2. During WORD TIME 107, when the 
MARK operation is being executed. 



TO 
EARLY BUS 

EB 



lines 3- - 13,15 

SIMILAR 

LINE 1 8 SIMILAR EXCEPT 
FOR ADDED WRITE TERM: 

CN 




M2 


(DO DW- TR ) 


= M2 


(DO + TR-DW) 


= M2 


D0+M2-TR-DW 



WRITE 



± 



lines 2,3,- • -13,15418 

recirculate at all 
times except 

1 . At time of 

TRANSFER when 
the line is a 
DESTINATION 



TO 
EARLY BUS 

EB 



GO 



LINES 16&17 
SIMILAR 




jw^L. 



M14W 



WRITE 



J 






From 
DA 



± 



LINES 14,16 & 17 
RECIRCULATE AT ALL 
TIMES EXCEPT 

1 . At time of TRANSFER 
when the line is a 

DESTINATION 

2. When the DA is in the 

GO condition 



MEMORY LINES 0,1,2- - - -18 

(RECIRCULATION, as SOURCES, as DESTINATIONS) 



BLOCK CM R€c\RC, 




r-^TA ~ri~k~P COMMAND RSQ-. 6ut(sJts for 

! CC CM i c°n tml of Re, urrR.TR, v)R£ 

• £1 



CU-CD-TI-TI3-T2I 






Z -1 

o ni 






Tan 

c( _ „ *— blocks 

CK 



writt't 



iting 
T2VRC 



T2I— r 

Sfe 
D7 

DX 



("WOMBER TRACK) 



Social reset Tor commcLO ds hovi'nq RELATIVE 
V T' numbers. (Inacfcwe during *WRC' state) 



__r 



_/ei "byNAMie." R\_ 



""\_ RC 
] RC-CT 



CJ- 

'static 

PORTION ' 



r3> 



_j /is -static" iLj^'CJ 

CH ,„., — "- ('SHIFT PULSE) (allied -t= CI-CW in lieu of CLOcK'V ^ "shift pulse '- 1 1 1 1 1 1 1 1 1 1 1 1 1 ' (9°*^ 

1 I >^ is x clock') 




SOURCE 



DEST. 



£ 



set'n'-oo 




= 

(ti-cn-kt+to) 



to mi 



\ — r 

OT 



FV 



AR 



MC (inverted ootpot of Selectei. COMMAND line) 
1 



(normal ty 



<0P> 



TTT TTTT 



I (ft ill — 
00 a 



TTT TTTT 

u ^ ki |o u u 



TTT 

m ,«u ,- 

Q □ \a 
u lulu 



TTT 

a a o 



TTT ffTT 

m nit- in <u — 

Q o la Q a a 

o «j |i_> <_» o o 

110 til 



MO Ml M2 M3 W4- MS MH M83 









-*-to CC{ r) CH s 



£L 



tt 



£* 



= ^ 



S/D 



«, 



S3 



. , . 1 






© 



TTT 



NEXT COMM. FROM AR 
( 3 , _°_ 3I ) 



TTT 
2213 

"SEL. COMM. LIN£" 
(ao/21 — »3l) 



<SA> — 

' READY'- 



TTT TTT t 



m 



Hp 



TYPE 3 TYPE£ T<PE I \ 1-7 
(a 2 ) (8') (a°) / keys 



Q * 



'-- AS (AN models only) 



#£AD COMMAND 
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ARITHMETIC OPERATIONS ON FRACTIONAL NUMBERS - GENERAL CASES 



AUGEND 
0*a<l 



-a 



AUGEND 
0<a<l 



+a 



+(l-a) 



X 



ABSOLUTE VALUE AND SIGN 



SUM (SPLIT) 




,1 < (+a+b) < 2 

(+a+b) s I 



or +(a+b)>i 
or + (a+b)» 1 



4(+a+b)<l 
0<(+a-b)<l 
K(+a-b)< 
0^(-a+b)<l 
■K(-a+b)<0 
l<(-a-b)<0 



or + (a+b)<l 

or +(a-b)<l 

or -(b-a)>-l 

or +(b-a)< I 

or ~(a-b)>-l 

or -(a+b)>-l 



(-a-b) a -l 
2<(-a~b)<-l 



or -(a+b)--l 
or ~(a+b)<-l 



O.F. 



l O.F. 



ADDEND 
0^b<l 



,+b 



+ (l-b) — 0<(l+a-b)<2! 



+b 



II o ADDITION OF COMPLEMENTS 



SUM (ALL) 



^ (a+b) < 2 



0<(l~a*b)<2: 



+(l-b) 0<(2-a-b)<2 





SUM (SPLIT) 


END 
CARR3 


SUM LESS 
' END CARRY 






/l < (a+b) < 2 


C 


(a+b)-l 


11 (-) 


/ 


/ (a+b) * 1 


c 


(a+b) -1=0 


1 1 (-) 

1 


V 


v < (a+b) < 1 




(a+b) 


(+) 


/ 


.l^(l+a-b)<2 


c 


(a-b) 


1110 (+) 


\ 


"0<(l+a-b)<l 




l-(b-a) 


1 1 1 (-) 


y 


-l<(l~a+b)<2 


c 


(b-a) 


10 110 (+) 


\ 


^0<(l~a+b)<l 




l-(a-b) 


1 1 1 (-) 


s 


^l<(2.~a=b)<2 


c 


l-(a*b) 


110 11 (-) 


\ 


\ (2-a-b)- 1 
0<(2L-*-b)<l 


c 


l-(a+b)=0 


1 1 1 1 (-) j 






a- (a+b) 


110 (+) ] 



0„F, 



OoF. 



sign of augend — 
sign of addend — 
■uncorrected sign 

end carry 

corrected sign — 



u J A /, 
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DECIMAL BINARY EQUIV. 



FROM MEMORY IN ADDER 



TO MEMORY 



♦9 
+3 

+12 


♦1001 
+0011 
+1100 - 


+12 


+9 


+1001 
-0011 
+0110 • 


+6 


-9 

3 


-1001 
+0011 
-0110 - 


-6 


-9 


-1001 

-0011 
-1100 - 


-12 



TS 
1001/0 • 
0011/0 - 



1001/0 
0011/1 



1001/1 
0011/0 



1001/1 
0011/1 



TS 
1001/0 
0011/0 
1100/0 

/Oc 
1100/0 ■ 

1001/0 
1101/1 
0110/1 

Ac 

0110/0 - 
0111/1 

ooii/o 

1010/1 
/Oc 

1010/1 - 

0111/1 
1101/1 
0100/0 
Ac 
0100/1 - 



1100/0 - +12 



0110/0 - +6 



0110/1 - -6 



1100/1 - -12 



♦8 
17 



-8 

3? 



-7 

4 



+1000 
+1001 
+10001 (- +17) 



OVERLOAD EXAMPLES 

1000/0 
1001/0 



-1000 
-1001 
355oT(. 



-0111 
-1001 



-17) 



-10000 (- -16) 



1000/1 
1001/1 



0111/1 
1001/1 



1000/0 
lOOl/O 
0001/0 

0001/1 - 

1000/1 

QUIA 
1111/0 
/Oc 
1111/0 - 

1001/1 
0111/1 
0000/0 

■ A ° 

0000/1 - 



w sum>l" 

liiiA - -15 X 

»|-sura|>l» 

lin/o - +15 X 

"|-SUJIl|-l" 

ooooA " -o X 
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CHARACTERISTIC 


EB-»-IB PROCESS 


EARLY BUS 
DECIMAL BINARY 


INTERMEDIATE BUS 
BINARY DECIMAL 


TRANSFER 

or 

TRANSFER VIA AR 


PASS UNCHANGED 
(if 2-WORD LINES 
are not involved) 


♦ 12 x 2" 6 - .OOOOIIOO/O 

-Uir 8 - .00001100/1 


.00001100/0 ■ ♦ 12 x 2 -6 
.00001100/1 - - 12 X 2 -8 


ADD 

or 

ADD VIA AR 


COMPLEMENT 

NEGATIVE 

NUMBERS 


♦ 12 x 2-8 - .00001100/0 
- 12 X 2"* - .0 1 1 OA 


.00001100/0 - ♦ 12 x 2" 6 
.11110 10 0/1 - 1-Ui!* 6 




ABSOLUTE VALUE 


BLOCK SIGN 


♦ 12 X 2" 8 - .00001100/0 
- 12 x 2~8 - .00001100/1 


.0 000110 0/*- 12 X 2" 8 
.000 1100/1 ■ 12 x 2" 8 


SUBTRACT 


REVERSE SIGN Mid 
COMPLEMENT NUMBERS 
if NEW SIGN is MEG. 


♦ 12 X 2-8 - .00001100/0 
- 12 x 2 -8 - .00001100/1 


.11110 10 0/1 - 1 - 12 x 2-8 


.00001100/0 - ♦ 12 x 2"* 

[=3 



EB—+IB 


^LB 


INVERTING GATES 


ACC. GATES 


(complete) 


(part) 


G-15D 



■26- 



term/naJ- — *"|"S 2* 



n 



-T5- 






excludes [D*PN+] 
.includes [d* AR+], 



"WHETHER to 
COMPLEMtWT* 

Flip -Flop 

wTXe 
IWVERTIN* 

QAnfS 
/ 
IS 



T3- 

-18- 



-TS- 

AA- 



«- teW]-fco] + ti^3 «* 



-is- 

TS- 



PA- 

-15- 



CAR) 



TS 
AR 



Implies: (j>» ARj+p>- 31} 

' v " " 

TS TS - 



¥ -o- 

— M 



i — * ^ T~ "" — ? H" 8 - 

RlNCORR. SISNI [END CARRY | 

L -o n -i J | SUf 



ADDEND 

+ 
SUM = O 



[B/3l] • 



fPN) 



incluJLes |p«r»lj 
excludes. [o=AR.+] 




-TS- 



m 



sun>l or 



S0M = -l 



(FN) 



(AlKJ.o.rd.ADD. 
signs oJike J 



implies ! [d = PR 1 + [d = 3|] 



LorPNj \^,b\ JA__ 

P-Hce-7 pB-^linST 



TBI*' 

TR - 

♦IS -» 

ric - 



CIB wmberl [exclude] i.e. 

-Oor-J&J [->iJa-'.o 



[»«R*J (csJ/ 



^ 



CAR) 



I 'minus zero' detectorI 



WHEN "to 
INVERT" 
FLIP-FLOP r, 

inTSe. 1C ~~ 

INVERTING 

<5ATES 
(JCs -1S-TR-EB-TS 
.ICfTS) 




[»-ARa{g;^ 



-TS- 



-IC- 
* 




TUNCOBR. SI^NJ. J-FMD eAWYJ. j- B . 3 .fl BB ^ 



* 
-IC- 



Pc- 



pp- 

TS- 



[»-«»] {S* 




CAR) 



SUM<-I 



— DA OVERFLOW 

(SO-Teq-YN) 
from DA- I 



sy — DIVIDE 

<xM H TR r 

> I F.K 



O'FLO 



> d\ ■, Cowim. 

Vf SATES 

YFO for tat 

fw ei-»3t 

command., 
whicVi 

resets 
FOky: 

i-DS-S7-SV.FO-C(5 



(Hi) 



* ma i cotes 
terms 
resolting 

■prom %e. 

TRANSFER 
fitdte. 



[OVERFLOW BETECTORI 



1 ^r 



"minus ZERO"— » AD 
(/. reverse AA si g n bit) 



ACCUMULATOR 
REGISTER 



"minus zero"— > PD . its fro* ° \ '"+''1^ at 

(.".reverse PA si 9 n Bt) I \ PD " o j T2°i-CE tin* 




PN\ 



AD._flD 



OT 

J. 



t I t 

OT 



TE- 






PRODUCT- NUMERATOR 
REGISTER (JouUe y.ree.) 



iCA7 



COMMAND 
REGISTER 



fc fc — I 



Tl 



^7 

-TE 






ir!3)ipA 

.PO PD 



CUock) 



-D-AR^ — 



& 




(Uock) 



r " 

or 



[XT 



^H 



Tl TO Tel 71.TI3-T2I CM 



13 






_/!->— co i o cu— J r 
^>~cd i o cD-n/ 

o!.C^ 

,IE3> 

CD cB 



D=AR+ 



— D-PN C — 

■ — ►- 



- n fft . 5M. fn ^ fp 



D7 DV 



D-PN+ 




^5" 



nsert 
ADD. 



A 



RC CT CI CT CN (NUMBER TRACK) 



Dfc DWTR (OT) D7 DW 



ADDERS & OVERFLOW DEL 



27- 



GATE #1 
GATE #2 



XXXXXXXXXXXXXXXXXXXXXXXXXXXXS 



iiiimiiiii ]oooooooooooooooo^ 



I 



XXXXXXXXXXXX« 



»«s 



•XXXXXXXXXXXXXXXX. 



M21 (data line) 
M20 (control line) 



EB if S - 31 - M20«M21 



EB if S = 30 « M20.M21 



GATE #1 
GATE #3 
GATE #l+#3 



XXXXXXXXXXXXXXXXXXXXXXXXXXXXS 



AAAAAAAAAAAAAAAAAAAAAAAAAAAAA 



imimiiiiiiiiiiri |ooooooocf L 



XXXXXXXXXXXXXXXXXXXX« 



I I 

•AAAAAAAAW 



i i 

XXXXXXXXXXXXXXXXXXXXAAAAAAAAS 

I i 



M21 (data line) 
AR (data line) 
M20 (control line) 



M20»M21 



M20-AR 



EB if S - 27 - M20«M21 + M20AR 



SOURCE FF's 



l l x:i i 



l l ill o 



1 1 Oil 1 



cv- 
cu- 
sx- 



S7- 

sw- 



S6 

sx 



(control) M20 *- 

(data) M21 *r 



(control) M2"o 

(data) M21 H 



(control) M20 

(data) AR H 



SOURCE 



27 ; 



y 



30 



31 



READ-OUT gates of all MEMORY LINES (MOO - M23, MQ, ID, PN, AR) 



(28 terms) 



// 



DIVIDE FUNCTION (DIVIDE«PA«TE) 



SOURCE 29 (S7-SV'DS'TR»M20-IWPUT) — - „„ ni/mm — - > 

at -20V unless an IN/OUT REG. 



EARLY BUS 



EB 



accessory is plugged in. This 
is a useful source of ZEROS. 



COMPLEX SOURCES & EARLY BUS 
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I I I I II I I 

IS II 13 12 il II I I 7 ■ 5 | * I a I a 1 



MINI 

21 a IT » IS M 23 



21 1! 



TT 

II IT II 



TT 



I I I I I I I I 

111 T I S 4 J 2 1 



I || I I I I I I I 

a|w|»|M|a|24|n|H|2i|M 



I I I I I 

II II 1 17 I II I H 



""J WORD 
14 | 13 II 



TT 

tJiIj 



FTT 



I I I I I 

aUT|»lajti|» 



i i i i i i 

n a In 



rr-r ■ u "° 01 i i i i i i i i 

II 1 14 



TT 



It T> 



RC 



COUTBOL 

'swrrcH 

' Stoijilfty 

:ts 
; Mi3 

' EB 



!SS 



SSSSSSSS^S! 



71 



n 



~iuii 



,i 



jIS. 



i^^s^^s^s: 



iui: 



3SSSSSS&SSSSS 



u: 



u 



^S^^^S^II 



j55sS§S£S>£ 



s^s^s; 



ni; 



3§§ss§£S£»£s?§ 



EB 
^IS r 

: is 

;ic« 

:ic r 

IC _ 
. IC-TS 
:iC+T5 
;(IC-T5)-€B 

;(ic+fs>EB 

IB 
LB 
AR 
AC S 
AC r 

AC cany 
f\\) augend. 
AD aiAend. 
Afl S"m 



z 



;s. 



;? 



r 



]§: 



-is 



1; 



Z 



3 



I 



Ql^SSSSS 



£S*§S£§ 



3^3 



]i 



js<s§sssssssss: 



:s 



^S**^^^^; 



1Z 



jSSS^ 



^^sss; 



;^j 



m^n 



s 


H 


sr '& 


PS 




A- 


w K 


ft 


e* 



^' 



;^' 



,"5 



;n: 



,--,--,; 



n^rv^ 



j-i 



*ljtMHj£i»ljXlJjiiJjLl±ljil^ t » 



"MARK EXIT" <SV -M V- 1 



i g 

i?c».wr 
1 



1 


A 

to 

it «: 


a: 

P 




•'I 




VIRC 


TR 


WTR 


RO 










1 


1 


CK 





1 


1 





CL 


.^X^.?... 


! 



Brouin Orame Blue Green 
(TEST) ^ ^ 



(rc-ct) 
K CR' 




NOTE: 



CMtMAWD 



CC< 



CC-TS^.RC 

CC -TSWRC • 
CC-TI3 



/ 



(Oks.T#) occur* o± WT«(T-|) 



\(ffel.T#) 



■ VIT »(L+T) 

.. WT=(N-|) 

» WT-Cn?-l)of krewoos 
^MARK EXIT'commanA 

CM:CM-T29 follows firat CC-Tfe9.RC -for 108 WT's 



: AWkWeJ ±b aJI meje,ls 
u)i1>> serf's ^211 ar»*."fc*> 
earlier models moaiTied 
■for CA-2 



CONTROL GATES 

(STATES of computer) 
Q-ISD 
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I 



DEFERRED 



Single 
Precision 



COMMAND READ 
% T bp N 



■d 



2 







E— 



-m 



IMME Dl ATE 

Double 



2—- m 



DEFERRED 
DEFERRED 



Precision 

Double 
Precision 



10 



2-— 01} 



12 



15 



1-—OD-1 



IMMEDIATE,. Test 

Command 

(TEST is SET) 



i— -as 




COMMAND REGISTER 



MARK EXIT 



CJ 




CJ 



DS|S5 CK 

MARK p7 r»u 



(BLOCK CM) 



/1 < — ■ 

-(+-CQ 



5h-T13 



k-TR 




ap 



CJ 



D7|S5T13 

^xsy, 

mnKl . „, L- RETURN 

exit^ cz CH EXIT 




cc 



WRITE 




CB CC CC CB„ 
C_D CA 

cu 

CD CD 




T29 
CQ 
CL 
CK 



CNCT 

"^ Affects T2--T13 
of W107 only 
(1940 correction factor) 




N xx 



21 



31 



X MARK EXIT 



TVT^ 



'T 'of MARK EXIT 
becomes effective 

' N ' of following 
RETURN EXIT(S) 



CD2 


CD1 


CD3 


COMM'D LINE 











11 





i 





1 


1 








2 


1 


1 





3 








1 


4 





1 


1 


5 


1 





1 


19 


1 


1 


1 


23 


CD2 


CD1 


CD3 


COMM'D LINE 



o 



+ 2 



w 



L + 1 



xx 



20 



31 



XI RETURN EXIT 





T13 ■ CC of 

subsequent 
revolutions 



2" 2 °l 

13 12 11 10191817 | 6 | 5 | 4 1 3 | 2 



CC 

CU <- set to ZERO by CJ-DSS5SV 



CD<- 



CA 



107 carries 



1940 correction (WT=107)' 
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WT 



T 



h T IP n Vb 

■Tl jlj 2 |Q| 4nH En ciiiANDS READ 
WT4 g ^ J 7 |K H ^ 

WT 7 HI 9 191 10 W m J "VJ i ^V" 

T29 T21 



N 



T13 



cu = INVERTED Command 



CD = Contents of Number Track, CN, via CT 



cc = Carry FF, ALWAYS Set at T13 + T21 



ca = Sum, Record During Word Time O T29^ 
T }.. ... »__ ", = M =^Nj 



CU = cm, Sum RECORDED During WT O 



C D= 







CA = Sum, Record During Word Time 1 

i \ 

C U = CM, Sum RECORDED During WT 1 



CC = Carry FF, ALWAYS Set at T13 + T21 



C D= 







CC = Carry FF, ALWAYS Set at T13 + T21 



CA=Sum, Record During Word Time 2 



C u = cm, Sum RECORDED During WT 2 



C D= 0*' 







CC = Carry FF, ALWAYS Set at T13 + T21 



c a = Sum, Record During Word Time 3 



CU = INVERTED Command 



4 

I 

T 

4 

I CA = Sum, Record During Word Time 4 fJJ -~ 



CD = Contents of Number Track, CN, via CT 
CC = Carry FF, ALWAYS Set at T13 + T21 



C U = CM, Sum RECORDED During WT 4 



C D= 







CC = Carry FF, ALWAYS Set at T13 + T21 



CA = Sum, Record During Word Time 5 



I I 



Ttrviutt RC 

(Aitnatic) 







Initiate TR 
( Itcaist 
Ciiiaii is 

laieiiati) 



c'u = CM, Sum RECORDED During WT 5 


1 


1 


II 


1 ( 


1 1 


1 1 


1 1 


/ 


1 


1 




























CC = Carry FF, ALWAYS Set at T13 + T21 


y — i 

1 1 


I 


1 1 


1 1 


1 1 


1 f 


1 1 


1 


1 


1 




c a = Sum, Record During Word Time 6 












's 

























cu = INVERTED Command 


1 


1 


1 




II 


1 


1 1 


1 




1 




1 


CD = Contents of Number Track, CN, via CT 








1 










1 








CC = Carry FF, ALWAYS Set at T13 + T21 












! 










1 


1 


CA = Sum, Record During Word Time 7 f29 


1 


1 


1 


1 


1 1 


II 


II 


1 


1 


1 


1 





u 

at 




u 

at 
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(excludes D*ID) »DV'TR 



(excludes D = MQ,PN) »DV 





► 1D,M5,PM y — - 


— IP control: 


iD.MQ.PN^^- 




J \ 
\oaA second. 
(MUUT/NUW.) 


(pror/juo) 


1 oad rirst 
C'lCANO/DENot^} 


+ 
+ 


+ 
+ 


+ 
+ 


IP acooires sign 
(PN is cleared) 


minus sign 
reverses IP 


ft'noJ IPsign 



[set IS (complements number)J 
PW -±^-«- PN ; IP hMAl - 



[S£ ID,MQ,PN) 

(CH.- TRjTVA) 
(D= ID.MQjPN) 




D7 DW 
(D = 30 = PN+) 



* NOTE: 'pcsclEfm' = DS-SF-SX- (4); I.e. [S3-2~»3|] 



CS'CE 

t 

(cS+SE) 

t 

[not VIA KRj or [ODD ktcJ 



Dfc Du 
(0=a+=Mq) 



2- WD. L//V£S 

(SOURCE -DESTIWATIOW ASPECT) 

<£. /r FLIP-FLOP 
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i ODD 

'^g|X xxxxxxxx 



[xxxxxxxxx 



EVEN 

X X X X X X X 



X X X X X X X X/t| 



i ODD ! . i 

'<^|x x x x x x x xllyzmmmr/z/mvYm'. 

! TR 






TS-TR 






|x x x x x x x x »jo o o o o o o"o7o| 



must be cleared 
by other command 



EVEN 



< 



"" Jl_TR_ 

jR_ia.'TR 
QD IP 



ID 



CM, S D S /d 



S ID 



ID 



H 



%%: zzzzzzzz/z|XXXXXXX X/S|%^? 


s <i 






1 


1 1 




1 


it TR 

rnl ts tr 




1 
1 


ID 

1 


»< 






i 

i 


y- 2 s 


ID 1 


z/z z z z 2 z z 2 2/2IX X X X X X X X/t|a a 


AR W 

AR r 

TR 

A 


TVA 








z/zlx X X X X X X X/i|a aaaaaaa/aaa 




1 1 < 




1 1 , J CS'CE 

1 1 1 

I 1 ^i 




xxxxxxxxt 

1 £ 1 




ID<^ 


> 





"\ 



2-WORD LINE 
> used as 

DESTINATION 

(but not as 
SOURCE) 



NOTE: when ID is 
used as DEST., IP 
acquires SIGN and 
PN is cleared 

during TRANSFER 
if CH » TR or TVA 



ODD 



EVEN 



Ixxxxxxxxx'xxxxxxx x/o l 

i |8j 



1 1 
JTt 

Mr 



TR 



TS TR 
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TRANSFER most 
significant half 
of PN to DEST. 



vy/M x x x x x x T]zty^//WW#///m y/M. d <(J 



PN 



2-WORD LINE 

used as 

SOURCE 

(but not as 
DESTINATION) 



2-WORD LINES 
SOURCE, DESTINATION examples 



I 





MQ 



•FT! 



< 



m m 

BSSSSX DSSiCT 

(S3-»30 (24,2(.-*3l) 



Foil ^WQj)»a') 



I" 

■ m 
■(D 






TsqcE 



— OT * PMl / 



( tlD )xg"") -D£-5fa-C7 CB PW»Z— ( 3'" Ixtef MQ„» |) 
(DIVIDE: see offier drawings "fir -fcneti'oru) 



( 






Dis-bb 5X 



j?fti ^ 

3 x t IP. 
II f i.E 



AR 



DS-Sb 5W 



U 



4P- 



its 



DSSt 
(£4,2r,2i,27— >-30 







^6 



(fiR is LLSed as a, touriter 
Jn"fRc SHIFT cuiJL NORMALIZE 
commands fi cVtar. = O.) 



"T 



"CLEAR" 


l [T 


L*3 


| I| XXX|0| 23| 31 | t| 




"SPECIAL EXTRACT" 


L [T 


XXX 


| X ] XXX | 3 | 23 | 31 j X 




"MULTIPLY" 


loddli 


T 


X| XXX | «| 2)4 1 31 1 • 


(T - 56 


-sp, 


llil -dp, 2n -special.) 


"DIVIDE" 


L odd E 


T 


X| XXX|1| 25| 31|t| 


(T - 5? 


-sp, 


116 -dp, (55,llil-q>D) 


"SHIFT" 


wE 


T 


X[ XXX|>fl 26 |31|«I 


(T- 5U 


-sp, 


112 -dp, 2n -T contr.) 


"N08HALIZE" 


I*dd 111 


T 


X| m|J<l 27|31|»l 


(t- & 


-sp, 


112 -dp, 2n -T contr. ) 




SPECIAL > 

WtopTF 



71 

Tice 

OSSbC8(+) 
(eb.27-^31) 



2-WD LINES 

(special command aspect) 



NORMALIZE] 



^7. 



18 Kf B Sw 

"j OOP p j EVEN pf 



TR mutt sfcirt at ^ 

an EVEtO wont-time /v p 6 f 9 M I 

a/lei IS llmftea-To 

u T"*Jord "time* 



(DSSk-SX) I TR 



D e F §■ H I 

|i t i a i o ft 


C D 
• •/•|0 1 


C F Q H X 
1 I I • 


BCD 
ft/ft |0 O 1 


E F 5- H I ABCD 
110 10 •/• | I 


EF<tHT ABCD 

110 1 o/»(o O 1 


e F 0- H I 

i I o i 6/11 


E F Q. H X 


lc D E 


F $ H I 


'b C D E 


F <¥ H I fftSCDE 


FQ-HI f A B C P £ 


F S M 1 (A 


1 I O 1 • t 


• •Oil 


I 1 ft ft 


ft 1 1 


i o i o • • o o a i i 


I 1 • O 1 1 


10 10*0 



D 6 F <» H I 



C E F s H I 



BCDgF^HI 



| i i i o i o > o o/o|o i i i o i o e p/o|o o i i i o i o o/o | 



FM stops, TR in 
Tne MoKMflLllh 
case. ^^ 



ftR counts now 
many bit's MQ _ - 



has ; 



C F fr H I D E F fr H I C D E F g H I BCPE F fr H I ABcDCFgHl 

|l I I I • ft »/ft|l I I 1 Oft* ♦/#|Q II 10)00 • /> 10 O 1 I I I »/ft|0 O 1 I 101 0/'ft| 

_^ __ ^ ^ 

I^U! C = B-0 fl=0 (A-Ol 



D «t ^^ C = » B-° fl=° 

-f 3 XERO 

|Q o i i^» | o o j i/*jo o j o/«|Q o ' o/»|o o o t/»|o o o i/»|o o o Q/ft|o o o o/«lo o o oTftl - 



_A_ 



JTV 



[~\ \ increment flF? b/ setting AC ofc Tl • Cg 



|0 o I I/O 10 O I l/Ojo I O/OlO O I 0/0 [0 l/0 |.0 I/O 10 O O 0/0 |0 O O O/O |o O O O/O I 
+ B +2 +1 ~ ZERO f 

(2°) 



2 PftnecuUF.ofMQ 

3 PQ (o*eWy FK) 

♦ (DS-St>PC!'TE 

* MQ write. 

•* 

b FM (monitors 

Tcfl.cl Wit) 

7 flu: AR„°lr.r. 

8 flC-TS 
1 fifi 



SHIFT 



^7 



TR must start at 



M T"wora "time* 
A 



(DS-SU-SW) io "TR 



!•'• 


H B c D E 
O O 1 1 


i/.lo 


A B C D E 
1 1 


F « A 

1 o/o|o 


BCD! 
11 


F « 14 ABODE 
1 l/0> 1 O 1 1 


F <J H I A 8 c D IT 
1 O 1 0/»|0 11 


F S H I 
1 1 o/o| 


N 


ft B c D 


efN 


ABCD 


e f * i 


A B C 1 


6 F <j) H lABCD 


EFS-MI 'ft B c D 


e f 9 h i 





) 


110 


1 


1 1 





1 1 1 • O 1 


1 1 1 • O 1 


1 1 1 



A B C D E F 6} |_g B'-C. D E P 9- H < 



12 



ftFJ counts Snim 

ana sto^sT^ 
after ri sntfs if 

-ITI (comUWmen't} ^ 
i's Wtaceo 1 'in fil? 
before SHIFT 
comma/lot 



(MQ simuibxnffously' sWiirs left) 



A B c B £ F _ _ 

|o o o o o o i i i/o|o o o o o i i i o/o|o o o el--i, I o i/o| 13 

A_B_e_D_e_F A B c g F ABCDEfC ^AB^PEFS- tt-rj BBCPEFS-Hl 

lOOOOOQI I l/<|0 I I I/O |0 O O I I I 0/0 10 OOOIIIOI/OIOOQIIIOI 575] 1+ 

S7 



l/l I I I O l/l II 

/T \ increment f)R |,y tdfa'na ftC ot TI-CE 17 



IS lncpcmenxea4BZEIBO |S 

ZERO -3 

10 O 0/0l» O 0/1 | I I I l/l | I I I l/l | I I I 0/1 | I I I 0/1 | I I l/l | I I O l/l II I O l/l I It 



JA. 



Jl\_ 



O 0/0 1 0/1 I I I I l/l 1 1 I I l/l I I I I O/l II I I 0/1 1 1 I O l/l I I I o l/l 1 1 I o l/Tl 18 

y ZERO \ -I " "" " ~ -2 -3 f 

corn sign 



oncorr. span 



(2*) 



PJ.-out^tFFjf /£) 
PI GBreaoRF- 

Ko/IS \ ^ ooyl,) 
(DS-S(,C i ?).PI-T5 

ID write 

(ossifSiiDrei.cE-flCs 

BO: ARreoiEF. 

fic-Ta 

BR 



MULTIPLY 



I3Q 

esto 



It lb SSk lb 

example given- .1101 x .1010 - .10000010 (i-ounA-off to .I000) 
(ID) x (M<S >• PN 



J 



-+- 



+ 



(DS-SbSu) l<) TR 



ef a h 



f a n i 



D e f , h 



c d e f a HI 



BcDefgni. RBCD;ef3Vi 



loeoooOOO O/Olo 00008OO 0/0 1 o o o o o 0/0 I I O o o o o o > 0/0|0 I o o o o o 8/011 I jo o o o o/0| SO MQwAe 



g-*bit .if wq. = o / a-i bit ,f wq„ Z i \ e -8 b'.t JMS. = o / a-' bi.f mq„ . I ► 



A«3o 



2i FM 



» B c D c 



ft B c d e 



~ ~ ,, „ .. ^ ^ A B c D e f II ec D tf j flBcpefah ftBcDje-fghL 

U I I 1 o/olo I I O I o/0|0 OOII O I o o/0|0 01 I O I o o o /0 1 I I O I o o o o/l| I I O I jo o o o o/0| 22 j Ll wr'\U. 



IDXS 3 



— V7, 
ID<2 



II 010 I a o/Oll I o o/0|0 I I I o Z I o/>|0 I I O I o o o o/»|0 O/OlO 0~ 



S3 £3 fu.ppj^PA/ 



(ID,^ X (M^ 



A B c D e. f 



BBcuefah 

oooooooooo [OOP I I 1 o o 0] oooooooooo |0I I 01 oooo/Oj 
IDX3-*X0 lDX2-3xt I0»£"*XO ICKO-'xl 



- 24- PD = 
(DSSt.CBCT)-(PI-fe)-PW 



1 1 1 o o/Ol 1000001 oo/Oll O00O0 I o o/O |0 I I I o o o o/O 10 I I Oloooo/OIOOOOQ 000/0 1 £S FA 



NUMERICAL EXAMPLES 

WORMflLIze, SHlFTj i- MOtTlFC 
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DIVISION (<!-•§•< 2: 


i.e. n<2d) 






q 

d 1.0100 




d 


if 


U) 


.lOlOOe/.llOOleeeeeee 
1 sub .lQlOOeeeeeee 




0^.(n * Tn)< 1 


n^ n 


d(2°) x 1 


K(d - d )<i 


or 






r-L - n - d(2°) 


4*1 < d 0< 1 






+ .OOlOlOeeeeee 


n 


w 






(sub).eOOOOOeeeeee 


d^" 1 ) x 


Udi<| , 


or 




♦ .eOlOlOeeeeee 


r 2 - n - d(2°) 


^ r 2 < d x <^ 




1.0100 


+ .eOlOlOOeeeee 


it 


« 




.10100/.11001 


1 sub .eel0100»»«»e 


d(2- 2 ) x 1 


i/8 < d 2 < i 


or 


-10100 


+ .eeOOOOOeeeee 


r-, - n - d(2°+2" 2 ) 


^r 3 <d 2 <t 




10100 


+ .eeOOOOOOeeee 


n 


it 




—10100 


(sub).eee00000a»e» 


d(2-3) x 


1/16 4 d 3 < 1/8 


or 


-0- 


+ *»«»00000»«»» 


r^ - n - d(2°+2-2) 


0«r U <d 3 <l/8 






+ .eeeooooooeee 


it 


■ 






(sub).eeeeOOOOOee» 


d(2-^) x 


1/32 ^ dj, < 1/16 


or 




+ .eeeeoooooeee 


r$ - n - d(2°+2- 2 ) 


£ r 5 < d^< 1/16 






+ .••••oooooo** 


a 


nt 





(B) 





1.0100 


.10100/. 11001 




- 10100 


1 


+001010 




- 10100 





-010100 




+ 10100 


1 


+000000 




- 10100 





-101000 




+ 10100 



-101000 



q 

d 1.0100 

.10100»/ .11001weee n 

sub .lOlOOeeeeeee d(2°) 

1 + .00101ee«»»ee i"! - n 

• + .OOlOlOeeeeee n 

sub .el01O0eeeee» d(2~ 1 ) 

- .eOlOlOeeeeee r 2 - n 

- .eOlOlOOeeeee it 

add .••10100— ee d(2" 2 ) 

1 + .eeOOOOOeeeee r-j - n 
+ .••000000«*«* n 

sub .•••10100— d(2~3) 

- ,eael0100e»ee r^ - n 

- .eeelOlOOOeee n 

add .••••lOlOOw d(2-y) 

- .••••10100»»» r^ - n 

- .••••101000a* n 



0<(n - r )cl 
H(d " d )<l 
d(2°) -1< r x < £ * 

u 

„ , i < d i < \ 

d(2°+2- 1 ) 4 < r 2 < | * 

1/8 ^ d 2 < \ 
d(2°+2- 2 ) -i<r 3 <l/8 * 

n 

. 9 . 1/16 < d 3 < 1/8 
d(2 +2 -^ +2 -3) _!/ 8 <r j < !/ lo » 

1/32 <, d^ < 1/16 
d(2°+2- 2 +2- ii )-l/l6 < r^ < l/32» 



(C) 



d 1.0100 

,10100a/ . 11001* 

sub .10100» 

1 + .00101a 

• + 0.01010a 

sub .10100a 

- .OlDlOa 

- 0.10100a 
«dd .10100a 

1 + ,00000a 
+ 0.00000a 

sub .10100* 
- . 10100* 

- 1.01000a 
add .10100a 

- .10100» 

- 1.01000a 



* case 
case 



n 

d 

r x »(n 

2? 1 -(n 

d 

r 2 =(n 

2r 2 - (n 

d 

r 3 «(n 

2? 3 -(n 

d 

r h -(n 

2r U -< n 

d 

r? «(n 

2r^»(n 



- d(20))20 

- d(2°))2 1 

- d(2°+2- 1 ))2i 

- d(2 +2" 1 ))2 2 

- d( 20+2-J)) 2? 

- d(2°+2-2))2 3 

- d(2°+2-2+2-3)) 2 3 

- d(2°+2-2+2-3))2^ 

- d(20+2-2+24*))2^i 

- d(20+2-2+2-^))2 5 



(B): Jrnj< Jd^ un til r n - Oj the re after J r n | - 
(°) : | r nl< |dj until r n - Oj thereafter r n | « 



0^(n - r )<l 
£<d < 1 

-K 1*1 < i * 
-2 <2rx < 1 

4< d <1 

-1 < r 2 < f * 

-2<2r 2 < 1 

4< d < 1 

-1< r 3 < | # 

-2 < 2r 3 < 1 

i< d < 1 

-1< TK < I * 

-2 <2r£ < 1 
li d < 1 

-1< Tt < J * 

-2 <2r£ < 1 

|d n -lj 
|d| 
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(D) 



(E) 



(F) 



IS 


d 

0.10100 / 




s 




q 

1.0100 


n 

+ 

+ 


d 

0.10100 / N 

add C 

N 

N 

add C 

C 

c 

add N 

N 

N 

add C 

C 

"N" 

add N 

C 

"N" 


q 

1.0100 

0.11001 

1.01100 

0.00101 

0.01010 

1.01100 

1.10110 

1.01100 

0.10100 

0.00000 

0.00000 

1.01100 

1.01100 

0.11000 

0.10100 

1.01100 

0.11000 


n 

+ 

+ 


d 
0.10100/ N 

add C< 
H« 
N 

add C» 
C 
C 

add N» 
N" 
N 

add C« 

C« 
iijjn 

add N 
G 
»C" 


q * 

1.0101 

0.11001 

0.01100 

1.00101 

0.01010 

0.01100 

0.10110 

1.01100 

1.10100 

1.00000 

0.00000 

0.01100 

0.01100 

0.11000 

"51 loioo 

1 101100 

1 iiiooo 


»1 


> 2° 

> 2- 1 
, 2- 2 

round-off 




Lp_ 


N 
C 
N 
H 
C 

e 
c 

N 
N 
N 
C 
C 

c 

N 
C 

c 




1 


0.11001 
1.01100 




add 


1 


add 





1 


0.00101 
0.01010 
1.01100 


* 




add 


1 
1 




1.10110 
1.01100 
0.10100 


1 


add 






1 


0.00000 
0.00000 
1.01100 





add 


1 

1 




1.01100 
0.11000 
0.10100 


* 




1 
1 


1.01100 
0.11000 


1 



(G) 



TS 








TS 
▼ 


(2^) 


T^ 2 . 3 


TS ? -2 


TS 2 -i 

1 


TS 9 


rs 

▼ 




1.11 








Oil 1 
oil 1 


o!o 


liO 1 1 


oio 1 1 
1 


oil 1 1 

! 





AUG. 










o'o 1 1 


ill 1 


OiO 1 1 
1 


OiO 1 1 
1 


1 


ADD. 


s 



1.0 




1 




1 


1 



s 




110 

4 



1 

X 1.0 1 


0.0 1 1 

/ » 

111111 

1 

X X 1.0 1 


i!o 



s 1 

X X X 1.0 


o!i 1 1 
111111 

I 

X X X X 1 


llo 1 1 

" / 

111111 

s 

.0 X X X X X 

1 


1 



s 




SUM 
IS 












>■ 






■*E 




Y 









FINAL DURATION OF DIVIDE (DS'S6'SV) 

QUOTIENT 
(henceforth the recirculating contents of MQ) 



# placed over a "1" means that "1" is the result of an automatic 

PRINCETON ROUNDOFF, (i.e. lowest order quotient bit is unconditionally- 
equal to 1 regardless of the sign of the remainder previously generated) 
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ID (DENoMiMPrroR) - recirculates 

; I PJL5E DELAY 



PN (NUMERATOR) - shifts SUMS left 



MQ. (QUOTIENT) - shifts QUO. tits lift 



I 

-fc, 

o 




DIVIDE EXAMPLE (six bits incl. sign): .110010 / .101000 - 1.01010 



I 



" \ READ COMMAND 




PJ (ID) 
DIV. - DS.*S6'SV 
"EB *(PJ«TE+PA»TE)DIV. 

r PP (PN aug.) *+ 



LB'TE'DIV— > { 
S'TE'DIV-H - ! 



PD (PN add.)-*- 1 ~« 

PC (PN can) 

PA (PN sum) «4 

PA«TE»DIV 

PN (PN write in div.) 

PA»TE»DIV 

.IS ~4 



f2*CE»DIV- 

iPQ s _ 
PQ»TE»DIV- 
M3 WRITE* 



IS»T2»CE»DIV 



PR (Mi READ F.F.) <] 



FINAL 
QUOTIENT 



NOTE: TS - TE (doub. prec.) 



I 

I 



Return To 

MARKED PIACI 



Set to 
TYPI-IN 



PHOTO TAPE READ 
Set: Comm. line to 23& N = 00 




Reload 



Set Com mo nd 



Start PHOTO TAP* 



ENABLE 



PUNCH 



COMPUTE 







<C> <F> <I> «1> <«> <T> 



I RYt. Jtl 4 RY 5 
TYPE RELAY 
(mt£rragtt«s 

ad/ type obs ob1 

PULSE 



OB3 OB* 





r 


f 
7 






f 

T 



<»> <»> <P> <9> <S> 





-aev 


r 

-aw 


f 

-aw 


F 

-aw 




CD 


CD 


A 


S 



*> 1 1 -^ N 



<wnwu/*4 Pv*.> <fii> 



r 



r 



PUNCH 

<6P> 



£W/>6L£ <60> 

<&0> <6P> 



r 


f 

-aw 


f 


o ¥^ 


UJ 







r 

COMPUTE 



FROM RELAY CHASSIS-IOUC SECTION 



T/.PEWBITER CIBCUI15 



FORWARD-"^ _ FROWT PANCL SVJfTtH 

"- l5^\ ^^ FOR MANUAL. CQUTROL 
OF TAPE. 



•noJly 



ormally 



^^s^ ^s 



REWIND 1 ..- 



OC's * I III 

i.e." PHOTO-TAPE 
FORWARD'' 



FORWARD RELAY 



SLOW IN 
0C& 

OCI 







BOTTOM 
MOTOR 



+IOOV P' 

o— 



SPROCKET 

-t-IOOV 



LEV. 5 LEV. 4 LEV. 3 LEV. S 



;im« 3 



V2fl 




LEVEL I 

+ IOOV 



fESmej Jiek 

?£00k *" l? . 



o-P ? 



LOAD 
(circuits located, 
i logic |=ar.els) 



T£ST POINTS 



o o oOo o o o 
GOD O 



u 




\( J\ C j * SPROCKET HOLES OM TAPE 



LEVEL I 
("to look circuits) 



LEVEL HOLES OM TAPE 



vH m ^'f LIQHT q,J SPieocKET PHOTO-OIODE 
- max.") 

^ LIGHT Of* LEVEL PHOTO-DIODE 

I LEVEL OUTPUT "ft LOQIC PANELS 



PHOTO -TAPE 
PEADEP 



■44- 



fCH) SOURCES lb PEST » 31 Vb 

[x X I x x X x | i i i i | | x | 

ttt — r-i — T 



START < 



■fc. 

Oi 




SLOW OUT - 
[STOPHoB - 
© 



3> 



(SLOW OUT) 



STOP < 



FAST IN- 

OCE 

OF3 



®- 



5n - 
0B3 - 



DS- 
SO - 
SU - 



3> 



(HA»,TAP£ SEARCH) 



FAST OUT) 



(SET 'READY' COMMAND') 



<SA>- 



<S>- 



ff 



(UNCOMBITIOMAQ 



oa- 

OCi- 



(TVPE-IW, MUM) 



ty 



D 



SLOW IN 



IS 



.^Kf: 



OIOX 

PHOTO TAPE REVERSE 



-*L/ loox 

-»^\ 10X1 



"TYPE" SIGNAL 



1000, tool ,1011 



D"CARD PUNCH" SISNAL 
—Fori 



[STOP]~ 



I I XX 
CONTROLS AN-I, PR-S) 



3H 



CARD READ SIGNAL 



DPH< 



OTO TAPE FORWARD 



in/out control 



INPUT-OUTPUT CODES 



INPUT 



OUTPUT 



CHARACTER 

or 
FUNCTION 


CODE 

levt 

tk 3 2 1 





lOOOO 


1 


10 1 


2 


10 10 


3 


10 11 


k 


10 10 


$ 


10 10 1 


6 


10 110 


7 


10 111 


8 


110 


9 


110 1 


u 


110 10 


V 


110 11 


W 


1110 


X 


1110 1 


y 


11110 


z 


11111 



Space 





Minus 


1 


CR 


10 


Tab 


11 


-End (Stop) 


10 


Reload / 


10 1 


Period 


110 


Walt 


111 



BE— 
ACTION 


ORIGIN 


Paper 
tape 


Type- 
writer 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 

(x) 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 


X 
X 


X 


X 


X 





TO SLO 

OUTPUT 


REACTION 


Paper 
tape 


Type- 
writer 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


(x) 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 


X 




X 


X 


X 


X 


X 





IN-OUT 

Mag, or 
hi. sp. 
punch 

x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 



X 
X 
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I 
I 



When more than one MAG. TAPE OKIT is used, 
the level outputs of the additional unit(s) 
are connected directly to the corresponding 
level outputs of the first unit. The READ- 
ING AMPLIFIERS are terminated by CATBDDE FOI 
LOWERS, hence cathode follower "OR" ga+*n 
are constructed 




© 



INPUT-OUTPUT 
CONNECTIONS 



CSTANMRD EQUIPMENT 
o-ni. Mfi^NETIC TAW) 



M 19 



3/32 PULSE HELAr 




im mn mu Trnn ttttt & ni 

fi£?S" H«-X<J |-0-*O l-<>-S:<j i-«-*o 

5 4 3 2 /- 



-<F.-e> m , 

»tor berrfRt of SLOW OUT 
system only. 

INPUT LEVELS (M„te : * -terms allow hi s|>«A of,.) 



-INPUT- | 
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TIME 



I 
I 




sign storage. 



"■ - I Qpj (4-tat - I t»t. precession contra V) 



Cofitenis crorgina ewKng precession 

I'msateA. / ^r.F. is static bdt cuitenti unlmovJn (-f (irij MSB)) 

"^^::::...„_...^/^w,__. ..-w..___ 



m, .._ .,. 

*7 




— 4t^it | |b\t.. 



cai^>ti clwunaiwa ti5C nat mvo'Vci'in . 



s 



precession 



#8 



^^r- 



oe(*vz«* m^ 



X° i o i i o o I 

X° I O I I O O | O l I I 

Xo lol lOOIOMIOOOO 

I IOOIOIIIOOOOOOIO 

IIOOOOOOIOOOII 

O O O I I I o 

SO I I O I O O I 



X° ' 

I IOOI 

O I I > O O O O O o I 

I | I o o o o o o I c 



en p 



°l) Copy: M23— ► MS 
I0) PRBcesS: MZ «-*Ml«| 



_R£ADy 

", oci •oce-oc3-oc4-.oD 



ujsto orie drum cycle 



■T-f- 



WTOO, AI23 



Tl 



SLOW IN) ~nMlN<r- 
EXAMPLE 

(rtS'D 



SLOW OUT FORMAT 



Format Characters 



Character 


Symbol 


Digit 


D 


Sign 


S 


Carriage ret. 


CR 


Tab 


T 


End (Stop) 


E 


Reload 


R 


Period 


P 


Wait 


W 



Code 

000 

100 

010 

110 

001 

101 

Oil 

111 



Standard Formats 

AR to output: SDDDDDDDCRE 

SDDDDDDDCRE 
100 000 000 000 000 000 000 000 010 001 

Hex. for inputs 8000001* 8000000 0000000 0000000 /s 

Words - 3 of Line 3 are used for storage of AR format. 
Highest order format bit should be in T29 of Word 3. 



LINE 19 to output: SDDDDDDDTSDDDDDDDTSDDDDDDDTSDDDDDDD (CR) E 

Hex. for input r 800000x 000003ii 00000x0 0000110 /s 

Words - 3 of Line 2 are used for storage of Line 19 format. 
Highest order format bit should be T29 of Word 3. 

Maximum number of format characters per format ■ 38 
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I 



+ ISO V PLFI6-/W 
PLMIS-IT-" O 



TAPE PUNCH 

INTERLOCK CrCLE , e u | | 

(OUTSIDE; (CENTER) P ' 

J)N Ap jf O^T S 



6 6l 



PLAAI?-I« 

ov. 



0^ //TJ/T7 PUHCH 



PL/AI?- 9 -* 
• PLAMf-6 -* 



PUNCH PUL%£ 



m 




PL/VU5-3 



roe 4 

PLMI 1 )^ 



PLMIT-? 



PUNCH MOTOR 
G-* - * rKHl^K&ta A. 
II? V.A.C (O CP.S. I72TK-I9AA. 



MOTOR START RELAY 



SWI 

1 a 




A 



TUBE HEATERS 
V3 V4 



< 3< 14 3 



A 



A 



A 



.A 



*— >' » — ^ 



-»-PLM IS" 13 



-»-PL/*. IT- II 




TAPE 



f. C<7 7y/?^/. CK'Z /A/Cl.- FEDERAL "/IQIA OF! E QUI IS. 

1 Cf?/ twko. cffs : cft-38 -" ' /vreK/vAr'QtfAL Kscr/r/s'** coa\b>. " 

3. MOTOA\ mTAT/OM V/eW£0 PKOM EAIO OfPOS/rfT SHAFT eXTJ/SfOM 

Z. all xcs/sroxs ; '/z W-£ f'/ e 

/. all ruees ■■ ZDZ' 

A/ores : unless QTHeKW/se spec/F/eo. 



3C2U6 



TAPE PUNCH DRIVER 



TYPEWRITER OUTPUTS 
r- LEVELS -^ 



TO OUTPUT MEDIA 



I punch pulse - suw«iT-(oce-oci + oca-<M»NPu»icn»-os 



OD • OE • OY 

55 . 55 • ov 




1 
to n_ 








ri 


1 
n 














OY , — 










l - 


OE "1 


1 


i_ 


© n 


TO 


OE 




n 




© n 


To 


OE 






n 


© n 


Tl 


OZ 




n 


n 


® n 


Tl 


OZ- 


OE 




n 



(T2-W00 — T29-W03) - OY-OE 



| | TIMING 

Color key; ~ 

1 1 I feedback) 



I I MI9] 
r I FORMAT I \ | | DATA EXTRACTION 
1 □ AR J 
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I I OUTPUT BUFFER 



SLOW OUT 



FORMAT 
CHARACTER 


0F3 


0F2 


0F1 


<D 


© 


<D 


0B5 


0B4 


0B3 


0B2 


0B1 


L19 PRECESSION 


TYPE 


FUNCTION 


4BIT 


1 BIT 


NONE 


DIGIT 

000 

















1/0 


0A1 


0A2 


0A3 


0A4 


YES 






YES 


LI 9HOAs->OBs-40UTPUT 


SIGN 
100 








1 




















OS 






YES 


YES 


OS->OBl-»OUTPUT 


CARRIAGE 

RETURN 

010 





1 







1 













1 







YES 




YES 


OFs->OBs-> OUTPUT 


TAB 
110 





1 


1 




1 


1 











1 


1 




YES 




YES 


OFs-»OBs-»OUTPUT 


END 
(STOP) 
001 


1 








1 












1 












YES 


NO 


L19 = 0? 

YES: STOP->OUTPUT, 

RESET OC's 
NO: CHANGE TO RELOAD 


RELOAD 
101 


1 





1 


1 




1 








1 





1 






YES 


NO 


1) OFs-»OBs-»OUTPUT 

2) RELOAD FORMAT 


PERIOD 
Oil 


1 


1 





1 


1 










1 


1 









YES 


YES 


1) OFs-»OBs-»OUTPUT 

2) SET OB5 


WAIT 
111 


1 


1 


1 


1 


1 


1 








1 


1 


1 


YES 






NO 


OFs-K)Bs-»OUTPUT 



LOW OUT 



To- 



oc's ooooj | OIO -» 
l| 



•m — |o)0 | OOOO 



oy 
® 



I 



n n n 



j i n _ 



ji n_ 



ji n n_ 



j L 



j i i i i i i L 



J L 



j L 



I I I L 



se-cxs 



II L 



OD-OETi 



[RELOAD]^ OS -To OB-OE-To 



(01 
1° 



[OR 
OF3 



I gljgj Bl* 01^- PERIOD DIQ SI* WlIT 016- DIG- CR STOP !""- SI9" BIS- Dl* PERIOD £>l<5- bl& WAIT Dl* MS- CB 
? £ 2 £ $ ''. $ £ £ 2 % I $ ^ '". & 2 £ £ £ £ £ £_ 



SEARCH Mil - 



tv 



SEARCH «!<)- 



_r 1 



os («M 

MOUITBRJ 
@ FREC6SS 

Ofl's J°«. 
10A£ . 



~' 



Jl FL 



Miq«-*oAft)f 



OAI 



'WM > « V 



-'MT A W /// X W// A W // /, //M0. 
r/MT /, '////// /. Y /M K '/////A 



I 



LoS->OBI J" 
^-►081,2,3] 



J 1 



W//// A W M K. '/M»A 

imr , v m/ a , im/ A w/ m '/// m w /sa 

*3 #*■ +$ #(. #7 *? 






J I 



W// M ' /////*,, 'MIT/ A M X *. 'VMA WMZ 

WMK ! ' twir/^ ■//////., 

tmm k '//j m W /// A w //// /.. t rnu a ' /mm 

vam t '/ //// * mm. r///// . ' ////* &. '//////.. 

=*// 443 4»/3 #/t- 4/£ #l(. 



J_ 



J_ 



JL 



J_ 




(iFtyj»el: -OO.OfU. 
IS. 3+07) 

Format I MS '. 

S D D P S t> W 6 C CR, E 
1 00 000 000 Ol I 000 OjOO I II 000 000 OI0 00| y. 

'i 03 03 8 0-I 
Ta<taFWr°3 



SLOVJ CUT TlMINlGr 
EXAMPLE: PUMch Ml«) 



HC =lvre.«i-0F3 _fl i 

or-T/PEU.SW. 

Q rs = Rc-3E.To | 1 

° Y V=Tvre.oe,-ii - 1 1 




os ls^oV.OE. 02-71 | n 

^V- OS-IT - ll 



® =5E-«.T1 Jj I III III 



od V*oo.oe.T. J 



OF* fo 
(FDPAW 



4o 




W^OF , _ te'^OF . .lP£R'°°;i0C CBI»1w . . 0"*]oC ^_ [»*rt] OF [DlQloF [DlftloF . JXAB+CR] OF 



Siq-rt os 
ModlTOR 



I ^-T— ~^ ,£f3 sib,.: TYPE -OY.OE.Ti 

J r^i .... 



j — *_ 



flR PRCeESSIoH«-»o»(i) 



+ bits 



4-tltl 

_JL_ 



4- bib 



4- tit* 

n_ 



4- bib 
_JL_ 



4- tit* 
_Jl_ 



4- bits 
_J1 



I Wit 






loAl 

Oi k 

I LOAD [©•M. 

OB's vffiHskgil op os->obi 



#+ 



Oft's— » 013 1,6,3,+ 



#•» 



fi=Wg»0 F3^ o F*s -» o B ), a, a 



__> fOBI 
0BS OB£ 

OUTPUT ^0B3 
SUFFER OB4- 
STdW5E-|o BS - 



^— O0O01 SP OOQOO SP ooooo 

, "(subzero)* t*ub)>. zero)*" 



O I0O0O f IOIOI 

— »■ -* »- * »- 



WAIT OOMI 



CR OOOlO 



TYPE PULS E =TVPE'5ce-OD-QY-oe I |_ 

I 

T/pe^R ite r sw. comtacts -»- hc / 

(FSEti BACK) 



J — L 



To 



(WAIT) 



-T 



~\_ 



:z~ 



a cr 

v ready" 



im 



JiL 



ti.) 



Ml 



STOP OOIQQ^ 



(STOP) 



Iff 



3J 



_ nl (*> ^ 

<.< < < 

o o o o 



org, ) |oo o o| 
after #■!) o o o □ 



AR 
FREtESSIOK) 
•RESOOS 



E) 
3) 

o 

to 

3 



o o o o 
o o o o 

I O I 

1 I O I 

I o o I 
O O I o 

I • • • 



o 

o 

I O I 

1 I o I 
I o o I 

O I c 

1 • — 

• 



OlOIIIOIIOOIOOlOtl AR 



I O I 

1 I O I 

tool 

O O I o 

I • — 



OIOIIIOIIOOIOOI 
I IOI I O O I O O I I • — 
I O O I O O I o I • 

o I I • 

1 • - 



o I • • 



TypEO copy 



Ta<\ 



O S - 3 a CR 
i-c: 

|o|S-|9|£| 



Format In M3: 
SPOPB dwd pcce 
loo ooo ooo on ooo ooo in ooo ooo oio ooi Vo'- 

t« ' O ' 3 ' o ' 3 ' 9 ' o L' 
T2<?of HTT03 



.SLovJ ouTTIMiWq- 

exAMPLB: T/PE flit. 



I 



ITOBM OH Q-CLg TIHMJS 



I 

I 




afs) 



FILAMIKTT* PtlLlOti 



'DC ResiT flf 

Ffsra 



00 « 
TM2-I 
K3 



-me 



'-(u+^mt: 






A^otc: /iotafy sv/£cjjei shaWn in nwmaj 
starbna Lout/an. 



^UStt or- "jzus£ 



I ft 3 + 5 b 7- 



-g q ,o ,| , g (,) 



TMe-fc+Di- 



Kct£#& ,|T||a | -SlToc's» QOQQ , #£SST C Q 



l^T— CLS/fjes A)OM8e& 7Xfic# 

Js|i F£S£T cej- 

I estxbush 7& on /JM/5& 7/vk k 



SET oc's ■ /•// 
■-, command /«•/>« ik/f.23 



/*>* *&a to/exes h 
----- - -ra rr 



TKACK 



irotiTt*i8 



TM I ffo« : Kl •+■ Kfi. 



(STftWT) 



J-/- s , ■"-— 

TM£ f?*m :[ 'b.C. Reset" • Kt ■ K8 )+( * p.c, f?e.ser- ■ K 



T?=l 



K4- 



.INTgRffUPTByrare PWD. 



(smp) 

r pIRSTPlCK FIRST HOLD SECOND PlCff SECoWft HOLD 

Kl :(TMI-fe)+(KI • K£) + (TMI-2 -Ka) + (TM|-» ■Kl-Kfi') 

seca. seTT 

T PICK HOLD OVBWtoLmSfi BKERK 

K£.|(TMI-lo')+-(Ka)]. K7 

PITEPEQUISITH' PICK HOLD 

K3 iCPC, Lo ckout' -Kl-Ka) ■ [ (TM£-|) -|-("DAoTi=-".aBHP PUCK our. 
• dh-i iinWLotr arcn- Kk .i<8 •«!• Kj)] 



PICK holj, 

I K4- : K3 • [(7*8-12) + Kt- 1 i 



/=0*/£/? ra/fAj-OA/ C71-7J-, (y/52> 



AC, Via, coritr&\ cWVs. 




<CL6AR> —r«*ets OC\ an<A, CO, 

1 



K4- 1 cnetigizeA etfber 

_J sriown) --- ete^S 

TME^IiqWU^REM)/" 
li 9 \t. 

(_J^l^l«sey causes re lo./H|-!n _ <AUTO. TBrE START) 

by setting oe'sii llll) ^^f 




I 



-9 



8 



7117 



mum Mm mil Milium 



jTjinjwuinjuuirLn^^ 



4 



(shouJn spotter m 1Kis"tinft owrt") 
- SwfeAj intervals (ff33ms.ea.) 



<clcar> : zero's CN «ik«n lovi 

<5f> 



(op) 



IJUin \ m 1 1 tM'arrm? mini ii ii\ \iiini imiii I mi inn in i 



J_ 



_L 



_L 



J_ 



BLOCK # a (LOADING RoimM£> -» H \<\ 



1— I 

mi L 



**~i~_ - 




minim innii in in iniiiiniiiiiiiiii nn iniiii tw 



L 
jmnjinjuuuuinjinruuL 



_r 



_L 



_L 



_L 



_L 



inn inn i 



J — IL 



(^jjjjijjjjLiJJXiilJljJ i i UJ i i i pi i ii ft i T hil l 



] \>\I\tt i i ' L'i im'i ..Hi n limn inn i 1 i i i nn 



BL OCK*! £mJMB£RTBfteMi-»Mi q 

IL 



<flUTo TAPE START): set Oc's+o llll, eorom . line.4o ^23, 

+ N to 00. 
OC^S 1 PHtfTo-TArS READ iSto tA\<\ * 



-*«-[(TM£-"2 fc +-TMa-q') +(Tp\p6 forward)] : qualifier for faoweriia TM£ 

__ <nt> : lets gate t> e^/ Miq-»CW * (4) 

___ gate D 



allow estoi.iist.mtnt , 

of ORItJlW PULSE (To) ^ cL 



syne <op>-<op)4dCL0cK 



CN : NUMBER TRflCK reaA fx~, 

TSCj'CNsTG- oRifriW PULSE 

(cy-cb) 

gate. A : Write 1 08 OWES 

(Cf+ci)'<cHfik) : itcirculate 
gate B : tew^oraiy reeim, 
gate C '■ normal retire. 



NUMBER TRACK 



aarina 
TUEN-ON CYCLE 



<3~iso 



CD 

I 




C in Microfarads, it in Ohms, F in Amperes 



CI 


15oo 


Rll 


7500 


R20 


3385 


S109 


3300 


15 


2 


0? 


1500 


S5 


Uoo 


H21 


5208 


alio 


3300 


Rj 


2 


03 


300 


A6 


1500 


R22 


U680 


am 


3300 


F7 


2 


Oil 


270 


ii7 


1000 


H28 


5000 


B112 


3300 


F3 


2 


05 


UOOO 


.« 


1000 


H75 


39000 


H113 


UOO 


V) 


2 


06 


llOOO 


R12 


It 


H100 


5000 


mill 


It 300 


no 


2 






ai3 


It 


S101 


8000 






FU 


2 


an 


It 


H16 


31250 


iao5 


Woo 


¥1 


8 


F12 


2 


.-03 


4 


S17 


I1I68O 


H106 


Uoo 


F2 


8 


F13 


2 


nt 


5 


m8 


32550 


R107 


3300 


F3 


2 


nu 


2 


■•0 


25 


■0.9 


32550 


H108 


3300 


Hi 


1.5 


F-20V 


1/16 






"N— • AR 




WOTE: These -functions should only be used 
when "the computer is icMin 



M,R,& T KEYS 




(tS<lb]-»-3l) (MAXIMS WRITE) 

?jj *• sets OC s to OOOI. This yields: 0C4> 0C3, 0C2, oclj o» Oci > and 0C2 oci 
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MAG. 


TAPE 


WRITE 



I 

Ch 



' 2- 3 * 5 L 

T° I I I I I |_ 

TRmaqwatie f l DS -So-SV ( snouU DC. dt VJORD 00 -'if la±er,"lcejer" villi te snorter 1tian mo-xiVmirn -'if later "friar. WORD 103, in'itla.1 "cLEflR Ma" will be lessltiori 4- worcl-Tj'mes ") 
PCS I - r\r,i>\ = FA5T0UT - © " ' 



TAPE FEED '■ \';JM>SW-y/MM/////WMVW»ia 



pick-uptime of FWD SOLENOID (Crns.*) 



WDS: I07,I0L,,I0«, I04- WDS : lo3, IOS, IOI , loo (Smii 

210— life DATA SITS S1B-IH.UMH BITS 



CLEnRMg | (op.cTfn 



Miq**Mg (OD-OE) | OBTAIN WDVI07, lob, l°S, IO+m Ma| | OBTAIN WHS: lo3, I0£, I0I.I0O in MS [ |(08TMN WDS: 1q ,18,17, II. in MB) I 

MZ -» M23 (o<*-0V) B| n 



— — ., , ^ 

START HEW "PRE CESS -WRITE CYCLE (TF- oe-OY- pea) ® - Insert MARKER | I 11) 

fit in OAE 

i a 3 4 ff (. 7 8 1 lo ii la 13 i* iff ic n ta n ai ai ?e 23 2* 2» a. 27 a e^ 30 i 2 3 * s u 7 a 1 io n la 13 14 is It. 17 le i<j 20 ai 22 23 2* aj 2£ £7 as 27. 30 

Mgi^oAvvgi£EfL © (o »-°^ nnAr Aanj_juuii nnn i 

pa's ->ma^tap C — >w c-q-QY) lAtltit ,:,>%>" IiIiMJwlt "nnni 

WRITE PULSE DURATION = 4- WTS = 1.08 ms Levi: I x x x «- 0A4 OB3* — Ml^jlo X * {»': | x x x x * i'»- q 

WRITE PULSE KEP. KATE = I enor/S tfT s - 4^3 etar/sec. Leva: x x x .- OA3 ^MARKER SIT » « »' « « « x x x 

FORMAT s Bl- aflD-" 6 )^,,!, I l-e. <M t>«|./3] WRITE CYCLES Lev3: x » x _ OA 2 OB£ ' x x x | x x « x,x| 

EFFECTIVE DKJIT OUTPUT RATE * 4U3 X S1/3I = 433 DISf/sEC Levi: :.*■ X l.otl « » X :«: » « > x x 

Levi: i i i «- OF3 I I I o I I I I I I 



"MINUS* fit HE* CHAR - RELOAD S 1 HEX CHflR 

Charmless; no neeA te suppress) 



STOP 



DS-So-SV 



READY 



oc » | FAST-OUT -® 

OD I 



(W) I "pomp prirmno 

K sea/en Mil H «« seoxen MM- 

0B3 (LINE \<\ MONITOR) I 1 doe WT's p !Wiq ^0 M— I ( |oe W^"> 



-TU LT 



0B3 4-OY I -nin-ox, — -|_ 

25 jmjiiwLnnjmnJirinjwin^ 



27 *» 21 30 234-- 



/WAG /7\P£ W#/T£ 

I.e. Nil — » MAGTAPE 
EXAMPLE INVOLVES DATA IN WDS. 100-107 ONLY 



TO »- x 



® I" I I I I I I I I I I I I I I I I I I I I I I I I I I li I I I I I I I I I I I I I I I I I I I 

® i . i 

?5 rm LRRnJVJTTTi mnnnn,, 

(LINE 23 MONITOR) „| 3=0 ^ a 

(H )-0?i-oe3 BESET PC's I 




(c\-cs: +mfl ) fcOV) 



— ^A/w- 



— vwv- 



— WW 

I K 

— 'yyw- 



— vwv- 



— ww- 



— \^w-l L 



ft/WV 






K 






* 



Sfc 



^ 



o 

1° 






t 



R 
S 
T 
S'i.ASN 

Comma 

COt-OtS 



_£, 



o 






a 






e 



5 — r 



At77E:-£0W OHS <W£7eHMP &OAG0 






\ 



*%**&%*% 



k> l> *■> 



^^' 



^ 



Y 



Y 



Y 



M N 
M N 



Y 



Y 






Y' 



Y 



Y 



^ * S T 
f .5 T 



YYYY 
YY 



^ 



^Y 






c-/* V- 



— o 






t 



; "t: 



c-n v 



t: 



o 






c-ir\ 



J5*i7, 






C - Jf t- 



C-V« V— 



*"* V 



X 



62 - 







63 - 



I 



OB e 



TBI i -CB (nez-z i) 
Te / f -As (eoot/) 



TBU-AP ( boos ) a — | 

ob 2 " J I 

tb i s -bc o — I 

tbi i. -Ae ( coop ) o — i 

OB, V 
TBI.-BD o 1 



TBI^ -AN ( EPOS) 

re/, -bb 



TB/.-AM (BOOT-) o- 

OB, i 

TB/f BA 

-estPK TBI -BT (POOH ) o- 



7K-°<g TB/.-AU (eogy) 




TBI. -A K 



Cos-s+.svJ> 

■ewt? tb/-ah (t-o-h ) 

ov B r&s-c 



TBJ t -A£ (PUflzl 1 ) 
TBI - AC (PlFI-iQ 



TBI t -AD_ (PIPI-2C) 
TBI^ -AB (PIFI-2*) 



TB I f ~CA (pU r /S--/ £) 

T-3/j -AZ Cf=LF/-l3 ) 
TB^ -A X (fLP/-3 4-)a- 

re 3 -j? 



— ^AA^ — 



jes-7 
— <v^> — 



&5B 



TB/ t -AA (PlFI-11 



(foo 7) rei t -cl. t 

tbj, -ex.- 1 neon 

tbi l -/jg ( Pi^/-zs>) 
to -tvp£ /sslaV 
(£ OOM) TBl t -Cxf o - 

(F oy) TB I, -CM) o- 

tb/ { -A L 

Cfook) rei t -cK<- 



ce / 



&VI 



/3\L^ >, 



1- 



c-ez 



7 



rHL 



**» ©• ^/^v 



EX 



&60 
— — w^-S- 




—'W* — 



&37 



I o 

I o 



/S3S 




TBI^CZ. (PlF \1-\4) 
TBI^-CU (PL Fit -II) 



TB/i^T- Ci r it- 1") 



TB/ tZ cy (pip it -a) 
TB/j -ex (PIP is -it) 



rB/ & -CIZ CAZD PUA/CAi SISMAC (PIP It -9) 
TB/ { - CN CASP S£AC -ff/g/VMl (PLFIt-i) 



T8/ t -CS CZA&0 Pi/A/CH ffltsg (ClF/»-9) 
tb/ ^-cp c:aso ssad a-c/lsb (PLF lt-7) 







A/O. 




£>£S-<ZG/J* T-/oa4 




&3/ rveu 
&33 


3 








4?3-*- 
4 £3£- 


2. 








£.3t, twax/ 


/a 




s&az &.MS +-/07, 




£47 


£. 










a 




/O AC A**/ -ttO?. 




RSS 


3 








*£~8 


/ 




470-n- &*/ flO% 




JZ£-& 


/ 








&£■<=> 


/ 








J*6/ 


/ 






w 


&SO 


/ 




AESI$7W9 / ^^ / ±, ° r * 














v/ thru 

VIZ 


Z2. 




TUB £~" 6 J SO OKEQV/V 














&y/ 


/ 


S~7*S 


&£~£-AV 
























cee 


2. 




/A/7T ■e£ r <L?r c-e-jrt 




<z/ 


/ 




7S~***+. 3&OV 



#■ needed ort/y if Cfi-/ accessory /'s cfs.e.cL. 



*• — ' 



• TB3-F 
TS3-E 



PIUAMFTUT 
(TV*) 






TUBS P/*l A/OS. 

(ryp) 



re^- cc (pt.s*6-so ) 



O ' 



&6/ 



I) SEE - eo^KG SlSSr. /C9GO 



3C272 



RELAY CHASSIS - LOGIC SECTION 



ALPHANUMERIC In/oUT SYSTEM 



The drawings to follow pertain only to ALPHANUMERIC 
G-15's and the associated TYPEWRITERS and COUPLERS. 
Drawings 1-64 cover both NUMERIC and ALPHANUMERIC 
models with the following exceptions: 

NUMERIC ALPHANUMERIC 

only equivalent 

42 

43 - 75-87 

45 - 67 

48 - 68 

52 - 69 

55 

62-63 - 75-87 

64 - 71 

Drawing 66 summarizes the logical differences between 
the various models of the G-15. 
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GROUP I: Changes applying to all G15's 


t 20) 0B r 


old 


OC r 


GROUP IV: Additional DRIVER TUBES in LOGIC CHASSIS 






<©) 


new 


READY 


to accommodate ALPHANUMERIC OUTPUT 


1) CGr 


'add: (^F>.<SA> + TAPE START) -WORD 107 
considering item 35, this = 




(see also item 5) 








! SUBCHASSIS 1 






«F> + <P» .<SA>.W0RD 107 + j NUMERIC 


* 21) OC r 


a) old 


<©>-6c2-oci 


37) OBI old: V7A 1 


2) CH S ■ 


<AUT0 TAPE START>-WORD 107 J 
or 




new 


ANC-2: <©>-0C2-6ci-0H 
ANC-2: <©>-0H 


new: V7A, ' V13A, V13B 1 


3) CQ r 


(<F> + <P>- AS) -<SA>-WORD 107 + "1 ALPHA - 




b) old 


[STOP] 0B - SLOW IN-OF1-OE 


38) OB2 old: V6B | 




^<AUTO TAPE START>-WORD 107 J NUMERIC 




new 
c) add 


[STOP] OB -SLOW IN-OF2-OD 
AUT0-0H-0F3-® 


new: V6B, | V14A, V14B 1 


4) MAGNET 


IC TAPE STOP 
old: READY + [STOP] OB - © 






d) add 


@ -OH-OA1 


39) 0B3 old: V7B c 

new: V7B, ] V15A, V15B 1 




new: READY + [ST0P] 0B - ©-OC1 


for 


22) OC 3 


add 


<E><SA> 


40) TYPE new: ! V16A 1 


5) 0B r 


old: PHOTO TAPE REV- [STOP] OB -® 


" MTA-2 


23) OC 4 


add 


<E>-<SA> 




(©) 


new: FAST IN-© 










41) AS new: 1 V16B 




(see also item 20 for additional 
ALPHANUMERIC change) 




24) 0D S 


a) old 

new 


[STOP + REL] 0B -© 
[STOP + REL] 0B -©-AS 








GROUP V: Additional wiring to CONNECTORS to 










(= OB5-OB3-OB2-©-AS) 


accommodate ALPHANUMERIC INPUt/ouTPUT 


t°> © 


old: SLOW OUT.OG 




b) add 


AUT0-0G-TF-0A3 






new: SLOW 0UT-OG- [STOP] 0B 




c) add 


AUTO-OG-TF-M23 


* 42) PLF14-32 old: (SPARE) 




(applies to NUMERIC only; see item 




d) add 


® -0H-0A1 


new: ANC-2: AS DRIVER output 




34 for ALPHANUMERIC version) 


* 25) 0D r 


add 


ANC-2: 0C4-HC-T0-AS 


ANC-2: (SPARE) 








GROUP II: 


Changes applying to all ALPHANUMERIC G15's 
and some modified NUMERIC G15's 






ANC-2: 0C4-HC-T0-0H 


* 43) PLF1-18 old: -20V 
new: ANC-2: -20V 






* 26) 0E S 


a) add: 


SLOW 0UT-0H-© 


ANC-2: AS DRIVER output 


7) CQs 


a) old: DS-S5-SW-T1-AR 






b) old: 


FAST 0UT-0D-© 






new: DS-S5-SW-T1-AR- © 


for 
* CA-2 




new: 


ANC-2: FAST OUT-OD-©-AS 


44) PLF1-20 old: (SPARE) 




b) add: PL18-16 (from CA-2) 






ANC-2: FAST 0UT-0D-©-0H 


new : <E> 


8) M20w 


add: DS-S7-SX- © -M18 




27) 0F3 S 


a) add: 


AUT0-0G-TF-0A3-0H-0S 


45) PLF1-28 old: (SPARE) 








b) delete: TYPE-OY-© 


new: <REWIND> 


9) "FORW/ 


UU>" to PHOTO-READER "FORWARD" TRIODE^ 










(involves addition of RY-C to 




old: SLOW-IN-OC2-OC1 




28) OG s 


add: 


AUTO-OH-OS-OG-TF 


PHOTO-TAPE READER) 




.lew: SLOW ■ IN -OC2-OC1- PERMIT 
















for 
S PR-1 


29) OH s 


a) add: 


DS-CV-Cl-©-IN~ 




46) PLF1-33 old: (SPARE) 


10) "REVEl 


tSE" to PHOTO-READER "REVERSE" TRIODE 
old: FAST IN-OC2 






b) add: 

c) add: 


<E>-<SA> 

TYPE-AS-0Y-T0 




new: TYPE DRIVER output 






new: FAST IN-OC2 -PERMIT 










• (new) 








30) 0H r 


a) add: 


READY 










GROUP III: 


Changes applying to ALPHANUMERIC G15's 




b) add: 


TYPE-OY -TO 








only 














* 31) 0S S 


a) add: 


<©>-AUT0 




11) AS S 


a) add: DS-CV-C1 






b) add: 


DS ■ S2 • SV 






b) add: <E>-<SA> 






c) old: 
new: 


T1-CN-M19-© 
ANC-2: T1-CN-M19-© 


NOTES 


* 12) AS r 
13) AUTO 


add: ANC-2: READY 
ANC-2: OC r 

= SLOW IN -AS j 


> (new) 


32) 0Y S 


a) add: 

b) add: 


ANC-2: Tl-CN-M19-©-[SIGN] 0F 

DS-CV-C1-AUT0-TF 
<E>-<SA>-T0 


* Differences in logic exist if an ANC-2 is used 
instead of an ANC-1 or NC-1. The ANC-1 logic 
is standard, hence is indicated on the drawings. 


14) HC 

15) M23w 


delete: TYPE-OC2-OF3 

a) apply: OC4+OC3+AS+OY (= A 
to the recirculati 




') 
e 




c) add: 

d) add: 

e) old: 

new: 


auto-og-tf-oa3 
auto-og-tf-m23 
[stop + rel] ob -@ 
[stop + rel] ob -©-as 

(- OB5-0B3-0B2-©-AS) 


j- These changes are anticipated at the time of 
this publication however, they 
are not yet applied to the hardware or indicated 
on any drawings . 


UT0-0) 
on ga 


16) OA,. 


b) add: AUTO-OY-OG-TE-CF 

c) old: IN-0G-0F3-0A1 
new: IN-0G-0F3-0A1-0H 

add: AUTO-OH-OS-OG-TF 


33) 0Y r 


f) old: 

new: 

a) old: 

new: 


SLOW 0UT-HC-© 

SLOW OUT HC-OY-OH-OS-TO 

TYPE-© 
TYPE-©-0Y 


<©> is the same signal as <S>. The INPUT- 
OUTPUT WRITER uses the " (s) " key to raise the 
signal while the original NUMERIC TYPEWRITER 
uses the "s" key. 


17) OAl s 


a) add: AUTO • OY • TE • CF 

b) old: M23-© 
new: M23-@-0Y 


34) ® 


b) add: 

old: 
new: 


type-as-oh-<f-b> 

slow out-og 

slow out-og-as-[stop] ob 


GENERAL: This list does not include new equations 
for G-15 outputs dealing with control of new 
accessories. Changes to original G-15 logic to 
accommodate new accessories are listed in 


18) 0Al r 


a) add: AUT0-0Y-T2 


35) TAPE 


START 




GROUP II. 




b) old: M23-© 




old: 


<AUT0 TAPE START> + <P>-<SA> 






new: M23-@-OY 




new: 


<AUTO TAPE START> + <P>-<SA>-AS 










G15 LOGIC CHANGES 




19) 0B S 


The "LEVELS — *-0B's" probe: 


36) 5th LEVEL OUTPUT DRIVER 










old: IN-0F1 




a) old: 


0B5 




resulting from 






new: IN-0F1-0H + IN-0F1-0S 




new: 
b) add: 


0B5-AS 




ECO 970 - 1153 




(= IN-OFl-OH^ 
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0B5-0Y-0H 
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TEST ROUTINES NO. 1 AND NO. 2 

Test Routines No. 1 and No. 2 are combined in one master magazine and a Block 
Selector Routine is incorporated for selection of the desired test. Test No. 1 is a 
cursory check of a computer, resulting in a bell being rung at regular intervals. 
Basically, re- circulation, arithmetic circuits, AR and PN registers are tested by this 
routine. In order to subject the computer to a more comprehensive test, Test Routine 
No. 2 should be used. 

It is assumed that the input circuits (including the pertinent memory lines - L. 19, 
L. 23 and L. MZ), L. 00, the command and control circuits are in working condition. 
If one or more of these is making errors, the result will be erratic operation, usually 
evidenced by the computer getting lost in a loop of commands. 

METHOD OF OPERATION 

1. Read the Number Track in - p key. 

2. Read in the Block Selector Routine by striking j) key again. 

(Steps 1 and 2 must be executed when machine is ON and are automatically 
executed during the start cycle. ) 

3. Set Compute switch to GO - a type-out will occur. 

4. Type in 0000002 tab(s)for Test Number One. Test Number One will then begin: 
The first block of tape (the loader routine for Test No. 1) is read into the 
computer. If it is properly recorded, the type- out will be: XXXXXXX. The 
second block of tape is then automatically read in and terminated when the bell 
rings twice. (There is no type-out unless an error is encountered. ) The second 
block of tape then forms a closed loop in the computer and is repeated indefinitely 
until the GO-BP switch is moved to the center position. 

5. If Test Number Two is desired, type in 0000005 tab(s)and perform steps 6 and 7. 

6. The computer will stop on a Test Ready, at which time manual type-in will have 
been set. The operator must then type a sexadecimal number which is the number 
of times each type of test will be executed. For example, if 0000010 is typed, 



each line of the memory will be tested 16 times before the next type of test is 
accomplished. The normal method of seven digits, tab, and(s)key is the method 
used to type this number. 

7. After the(s)key is hit, the computer will proceed to execute each type of test with- 
out further manual intervention (unless the computer gets lost). The first test 
made is a test to determine if the accumulator and its associated circuits work 
reliably. The test involves adding all the commands in Line into the accumulator 
and subtracting them out again. If the AR is clear after this, the AR is considered 
reliable. If it is not clear, a number is typed out which is characteristic of this 
test. (See the list of indications. ) 

In accomplishing the above test, Line 23 is considered to be reliable and is used to 
store numbers for determination of the end of the test. A bell is rung at the end 
of the test. 

8. The second test is the determination of the reliability of the two-word registers. 
Again, if an error is made, a characteristic number is typed. Certain four-word 
registers and the AR are used in this test and a bell rung upon its completion. 

9. The four-word registers are then tested and characteristic numbers typed if an 
error is made. The two-word registers and AR are used in this test. A bell is 
rung at the completion of this test also -- the third and last bell in the first block 
of commands. 

10. The next block of commands are then read in. This block tests all of the long lines 
from one to nineteen by putting the same information as is in line zero into all of 
them. It fills each line only once at the beginning of this routine unless a certain 
line makes an error, at which time the information in that line is renewed. As a 
result, the successful completion of this test is assurance that all lines have stored 
information for a considerable period of time, i. e. , equal to the total length of 
time of the entire test. 

This method of indication of errors results in a minimum of type- out. A type-out, 
is not made each time a line makes an error. Instead, the number of errors made 
by each line is counted and this number typed at the completion of the entire test. 
At the completion of the test, then, a type- out is made; if no errors have been made, 
only a series of spaces are typed and nothing will appear on the printed page. 



However, if Line 9 has made fifteen errors (this could or could not be the total 
number of tests made on each line), a number will be typed out as follows: 

690000z 

Note that the second digit is the line number and the last digit is the number of 
errors (in sexadecimal). If the number is 7300012, the line would be Line 19 and 
it would have made 18 errors. 

11. The next block of commands is then read in. This tests the inverting gates and the 
sign circuits of the two-word registers. Two bells are rung, one. after each of the 
above-named tests. 

NOTE 

If the inverting gates are not working, chances are 
that the tests made in the preceding blocks did not 
work and have given false indications. The inverting 
gate test is used to determine if the error indications 
were caused by the inverting gates. 

12. The next block, after being read in, will test the overflow circuits and all combi- 
nations of End- Around- Carry conditions in both the AR and PN registers. One bell 
is rung upon completion of both tests and characteristic numbers are typed in case 
of error. 

13. The next block of commands has three types of tests in it. The first is a multi- 
plication and division test. It involves the determination of the equality: 

A - A ' B 
A B 

If this equality is not met, the computer then determines if the equality A- B = B- A 
is met. (A- B is the same multiplication made for testing the first equality. ) If 
this equality is not met, the computer types out a number characteristic of a 
multiplication error, while if it is met, a division error indication is made. A 
bell is rung upon completion of the designated number of tests. 

14. The second test is of the shifting and normalizing circuits. The test normalizes a 
number and then shifts it back where it was, hence, compares it with the starting 
number. A bell is rung upon completion of this test. 



15. The third test is of the logical commands. The third bell is rung here. 

16. The next block of commands results in two types of tests. The first is a type-out 
of six test numbers in the following sequence: 

-1122334 445566.7 778899 

-uuwwwx xxyyzz. 2345 

17. The second test in the last block is a series of computations using two standard 
subroutines. The blocks of commands for the subroutines are read in by the last 
test block before the type- out of the above test numbers. 

The computations involve the calculation of the sine of an angle 9 and the calculation 
of the arcsine of sine to produce an angle 0. If the computations are correct, 
= 9, thereby checking this equality. If the angles are not equal, a characteristic 
number is typed out. The angle 9 is then varied by an incremental amount and the 
computation repeated the number of times specified by the operator. The test type- 
out will occur during some of these computations. 

18. At the end of computations, the tape automatically reverses to the beginning of the 
test routine and the operation started at the first test in number 4 above. If the 
operator wishes to change the number of times each test is performed, he should 
stop computations when the first block is being read in and then do the operations 
starting with number 1. 



ERROR INDICATIONS FOR TEST ROUTINE NO. 1 



Typed Number 

159539v 

21ul39v 

33v339v 

3xvx75v 

-6466w9y 

-6466wvy 

-6466wxy 

-6466wzy 

-6466xly 

-6466x3y 

-6466x5y 

-6466x7y 

-6466x9y 

-6466xvy 

-6466xxy 

-6466xzy 

-6466yly 

-6466y3y 

-6466y5y 



Likely 


Error 


Possible, But 
Not Likely 


Inverting gates (IG), LI 


AR 


LII 




LI AR IG 


PN 




ARIG 


ID MQ 




PN* IG 


L4 . 




PN* IG LII 


L5 




PN* IG LII 


L6 




PN* IG LII 


L7 




PN* IG LII 


L8 




PN* IG LII 


L9 




PN* IG LH 


L10 




PN* IG LH 


Lll 




PN* IG LII 


L12 




PN* IG LII 


L13 




PN* IG LII 


L14 




PN* IG LII 


L15 




PN* IG LII 


L16 




PN* IG LII 


L17 




PN* IG LII 


L18 




PN* IG LII 



*See Discussion of PN, Test Routine No. 1: Memory Test Indications 



Typed Number 



Likely Error 



Possible, But 
Not Likely 



5300 

56000 

6000 
12000 
1x000 

58000 
32000 



Overflow flip-flop 
didn't sense OF. 
Test overflow didn't 
work. 

Overflow FF not turned 
off by test. 

Source 30 or wl 

Source 27, 29 

Multiplication 

Division 

LHI 

Shift or Normalize 

Input circuits 
Photo reader 
LV, LI 9, LIV 



Program or operator's 
error. ** 



Test circuit not 
working properly. 

LI LII 

LI LII 

PN** or IG 



ID, MQ 



**See Discussion of Test Routine No. 2: Typed Indications of Errors 



ERROR INDICATIONS FOR TEST ROUTINE NO. 2 

Various characteristic numbers are typed out whenever the computer makes an error. 
The following is a list of these numbers, the type of error made, and some possibilities 
as to computer circuits which may have made the error. 

1. Accumulator Register Test 

393939v This test does additions and subtractions of the commands in LO in the 
accumulator. If an error is made, it is usually an indication that the 
accumulator is not holding information reliably, but other circuits such 
as the inverting gates may also be operating improperly. 

Look for: 

1. Accumulator Read head out of tangential adjustment. 

2. Bad AR Read amplifier. 

3. Weak tube in AR preamplifier. 

4. Bad AR record amplifier. 

5. Bad component in accumulator adder. 

6. Bad component in inverting gates. (Try replacing IS flip-flop) 

7. Read or Write head open or shorted. 

8. Bad taper pin connection between logic panel and memory. 

9. Source or destination selector gates bad. 

2. PN Register Test 

555539v This test stores data in the PN register and compares it against data 
stored in Line 23. Therefore, Line 23 may be making the error, but 
since Line 23 was used for read-in, one suspects PN. The AR is 
used for this test so it may also be making the error, although it should 
be okay if it passes its test. 

Look for: 

1. PN register Read head out of tangential adjustment. 

2. Weak Read amplifier. 

3. Weak preamplifier tube. 

4. Bad record amplifier. 

5. Bad component in PN adder and associated circuitry. 

6. Read or Write head open or shorted. 



7. Bad taper pin connection to or from memory. 

8. Source or destination selector gates bad. 

3. ID and MQ Register Tests 

656839v ID 1 See discussion of PN test. 

y0y39v MQjf 

Look for: 

1. Read head out of tangential adjustment. 

2. Bad Read amplifier. 

3. Bad preamplifier tube. 

4. Bad record amplifier. 

5. Recirculation, source or destination gates bad. 

6. Read or Write head open or shorted. 

7. Bad taper pin connection. 

4. Lines 20, 21, 22, 23 
616139v - L20 

xlx39v - L21 

454639v - L22 

595w39v - L23 The AR and two-word registers are used in this test. They 
could be making the error even though they passed their test, 
but this is unlikely. If L23 indication is made, careful 
scrutiny is in order because it worked properly to read the 
data from tape. 

Look for: 

Same things as listed for ID and MQ Registers. 

5. Long Line Tests 



730000n - Line 19 
720000n - Line 18 
710000n - Line 17 
700000n - Line 16 
6z0000n - Line 15 
6y0000n - Line 14 
6x0000n - Line 13 
6w0000n - Line 12 



6v0000n - Line 11 
6u0000n - Line 10 
690000n - Line 9 
680000n - Line 8 
6 

610000n - Line 1 

The number N is the number of times the particular line makes an error. Short 
lines are used in the test, so it should be remembered that they can make errors 
even though they have passed their own tests. This is unlikely, however. 

Look for; 

Same things as listed for ID and MQ Registers. 

Miscellaneous Test 



Continuous Bell Ringing 

The Long Lines test requires the storage of test data in Line 23. If this data 
becomes in error, the computer rings a bell continuously. To stop the bell- 
ringing, hit the(s)key, at which time the computer will try again. However, since 
Line 23 or some other circuit not connected with a long line failed, the best thing 
to do is to start the whole routine over to test the other circuits again. 

Causes may be: 

1. Line 23 unreliable 

2. PN register unreliable 

Inverting Gates 

222439v Additions and subtractions of very simple numbers into the AR are not 

working properly. The numbers are stored in lines 21 and 22, so these 

lines could have failed. 

Look for: 

1. Bad IS flip-flop. 

2. Bad IC flip-flop. 

3. Other bad component in the inverting gates. 

4. Bad AR (See AR test). 

5. Bad Line 21 or Line 22 (See test number 4). 



8. Sign Circuits of Product Registers 

lyly2xz Sign did not properly set up to be negative when a negative number 

when a negative number entered the ID and a positive entered the MQ. 

2x2x29w Sign was negative when two positive numbers were entered into ID and 
MQ. 

3w3w2xz Sign was positive when a positive number was entered into the ID and a 
negative number into the MQ. 

484w2xz Sign was negative when two negative numbers were entered into ID and 
MQ. 

9. Reader Test 
nnnnnnn 

5w5w39v When reading in the next block of commands, the computer checks the 
read- in for errors. It types, out the block sum that Was obtained (which 
should have been zero) and the indication number. 

Look for; 

1. Photo reader out of adjustment. 

2. Bad Line 19 or 23. 

3. Bad AR register (See AR test). 

4. Other bad component in input circuitry. 

10. Overflow Test 

Two quantities, A and B, are used in this test. A is equal to 1/2, B is 
slightly greater than 1/2. 

32323vz Overflow did not set when A + B was added in the AR. 

3u3u3vz Overflow did not set when -A -B was calculated in AR. 

44443vz Overflow did not set when -A -A was calculated in AR. 

4y4x3vz Overflow set up when the difference of two positive numbers was taken 
in AR. 

5u593vz Overflow set up when the difference of two positive numbers was taken 
in PN. 
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66663vz Overflow did not set up when A + B was added in PN. 
u0u3vz Overflow did not set up when -A -B was calculated in PN. 
191u3vz Overflow did not set up when -A -A was calculated in PN. 

11. End-Around-Carry Test 

This subtracts zero from AR and PN to see if the End-Around-Carry is 
propagated to correct the sign. 

25262xz The sign of (-A -0) was positive, indicating no End-Around-Carry when 
calculated in AR. 

363v2xz The sign of (B - 0) was negative when calculated in PN. 

12. Multiplication - Division Test 

Two numbers, A and B, are used in this test. The identity A. B = C is 
assumed in the discussion. 

C 

z5v294 The equality A = B does not check, but A- B = B- A does check. This 

indicates division failed. 

Look for: 

1. Bad IS flip-flop. 

2. Bad IC flip-flop. 

3. Sloppy wave forms on input to IS flip-flop or elsewhere in inverting gates. 

4. Bad buffer-inverter driving "division" signal. 

5. Bad component in PN adder. 

6. A bad two- word register. 

C_ 
105v2v5 The equality A = B does not check nor does the equality A- B = B- A. 

Lines 20 and 23 are used to store intermediate data in this test. 

Look for; 

1. Bad PN flip-flop or gate driving this flip-flop. 

2. Bad PN adder. 

3. Slow rising or falling signals in adder inputs or output. 

4. Bad two-word register. 

5. Bad Line 20 or Line 23. 
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13. Shift and Normalize 

A number is put in the even half of MQ and normalized. After normali- 
zation, it is put in ID and shifted right, with the number of shifts 
determined by the number accumulated in the AR when normalization 
occurred. 

The number should end up in the same position of ID that it started in MQ. 

65662xw The number left in ID at the end of the shifting operation does not agree 
with the original number which started in the MQ. 

Look for: 

1. Bad ID or MQ register. 

2. Bad AR register. 

3. Circuits used to turn on AR carry for incrementing not working properly. 

4. Bad PN flip-flop or associated circuits. 

5. Gates controlling control circuits on normalize or on shifting not working 
properly. 

14632zz This is a miscellaneous test. Upon shifting the ID right, the MQ should 
also be shifted left. Also, the number of shifts should be sufficient 
to shift all the contents of MQ off the left-hand end, clearing MQ. This 
number will be typed out if MQ is not clear. 

Look for: 

1. Bad MQ register. 

2. Same things as listed on test above. 

14. Logical Commands 

x0513vw One or both of the logical commands 20- 21 andM- 21 (Sources 31 and 30) 
did not work properly. 

Look for: 

1. Bad Line 20 or 21. 

2. Bad gates for logical commands. 

u4292xw The command 20- 21 + "2U- AR (Source 27) did not work properly. 
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Look for: 
Same as above. 

15. Test Type- Out 

A test type- out occurs which operates all possible characters of the 

typewriter: 
-1122334 445566.7 778899 

-uuwwwx xxyyxx. 2345 

If this does not type correctly, 

Look for: 

1. Sticking keys on typewriter. 

2. Broken or sticking relays in typewriter base. 

3. Bad OB flip-flop. 

4. Bad Line 23, 19 or 2. 

5. Any other Input/Output circuit. 

16. Computation Test 

w7483zv This test involves the calculation of the sine of an angle 9 and the calcu- 
lation of the arcsine of this result. If the arcsine agrees with 9, the 
test is passed. This is the last test of the routine and since practically 
all circuits are tested before this, should work. If not, 

Look for: 

1. Bad CD flip-flop (this was not tested before) or circuit driving CD. 

2. Something wrong with computation registers (all short tracks). 

3. Since type- out occurs during computation, look for arcing contacts in 
typewriter relays. 

4. Any other portion of machine bad. 
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SUMMARY OF ERROR INDICATIONS 



1. 393939v 

2. 555539v 

3. 656839v 

4. y0y39v 

5. 616139v 

6. xlx39v 

7. 454639v 

8. 595w39v 

9. 6?0000N 

10. 7 7 0000N 

11. Continuous Bells 

12. 222439v 

13. Iyly2xz 

14. 2x2x2 9w 

15. 3w3w2xz 

16. 484w2xz 

17. 5w5w39v 

18. 32323vz 

19. 3u3u3vz 

20. 44443vz 

21. 4y4x3vz 

22. 54593vz 

23. u0u3vz 

24. 191u3vz 

25. 25262xz 

26. 363v2xz 

27. z5v294 

28. 105v2v5 

29. 65662xw 

30. 14632zz 

31. x0513vw 

32. u4292xw 

33. -1122334 
-uuwwwx 

34. w7483zv 



Accumulator Register 
PN Register 
IO Register 
MQ Register 
Line 20 
Line 21 
Line 22 
Line 23 
Line ? 
Line 16 + ? 
Line 23, or PN 
Inverting Gates 
Sign Circuits 
Sign Circuits 
Sign Circuits 
Sign Circuits 
Input Error 
Overflow Circuits 
Overflow Circuits 
Overflow Circuits 
Overflow Circuits 
Overflow Circuits 
Overflow Circuits 
Overflow Circuits 
End-Around-Carry - AR 
End- Around- Carry - PN 
Division 
Multiplication 
Shift or Normalize 
Shift or Normalize 
Source 30 or 31 
Source 27 
445566.7 778899*1 

xxyyzz.O 2345 J 

Computational Error 



Test Type -Out 
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TEST ROUTINE NO. 1 



Line 00 
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1 

5 

9 

13 

17 

21 

25 

29 

33 

37 

41 
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65 
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89 
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10 
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18 
22 
26 
30 
34 
38 
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46 
50 
54 
58 
62 
66 
70 
74 
78 
82 
86 
90 
94 
98 
(12 
U6 


3 
7 
11 
15 
19 

23 
27 
31 
35 
39 
43 
47 
51 
55 
59 
63 
67 
71 
75 
79 
83 
87 
91 
95 
99 
113 


L 


P 
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N 


c 
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D 
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00 




02 
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28 


31 




Test Ready- 


01 




02 


03 





00 


28 




Clear AR 


03 


u 


04 


04 


1 


00 


29 




Add all LO 


04 


u 


09 


09 


1 


28 


20 




AR- 20-D, 1. 2, 3 


09 




10 
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00 


28 




Clear AR 


11 


u 


12 


12 


1 


00 
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u 


17 
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18 
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20 
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19 




20. 
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28 
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21 


u 


26 


26 


1 


20 
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22 


_ 


1.9 
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28 
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26 


u 


31 


31 


3 


21 
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31 




32 
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28 


27 


■ _ 


Test AR Bk. Pt. 


33 




34 


35 





20 
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34 




31 


uO 





00 


28 




(00 - 31)-* AR 


35 


u 


38 


38 


1 


28 
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38 


u 


41 


41 


1 


28 


25 




AR - ID (e + o) 


41 


u 


44 


44 


1 


28 
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44 
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49 


3 


26 
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AR - (PN even) - AR 
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50 
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51 
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54 
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58 
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u 


61 


61 


1 


26 


27 




Test PN Bk. Pt. 
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u 
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00 
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4 
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81 




82 


83 





28 


31 




AR - 21 -2 


83 




85 


85 





31 


31 




Obey AR 


(8 

74 


5)u 


86 


86 





00 


03 




L0- LX 


86 




88 


90 


5 


21 


26 




(21 -0. 1)- PN 


90 




91 


92 





21 


28 




(21-3)-* AR 


92 




93 


94 





00 


29 




AR+ "Is" - AR 


94 




95 


96 





28 


21 




(AR)- 21 -3 


96 




98 


99 





31 


31 




Obev AR 


(99) 


u 


uO 


u2 


7 


03 


30 




Subtract all LX - PN 
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14 
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00 


29 




AR - "18H" - AR 
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22 
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Test AR sign 
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76 
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17 
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uO 




u2 


uO 
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Test Ready 
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TEST ROUTINE NO. 1 



Line 01 
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54 
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TEST ROUTINE NO. 2 - Long Lines Test 
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TEST ROUTINE NO. 2 - Inverting Gates 
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TEST ROUTINE NO. 2 - Overflow & End-Around 
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00 


70 




II7II 
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4 
8 
12 
16 

20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

uo 

U4 


1 

5 

9 

13 

17 

21 

25 

29 

33 

37 

41 

45 

49 

53 

57 

61 

65 

69 

73 

77 

81 

85 

89 

93 

97 

U1 

U5 


2 

6 

10 

14 

18 

22 

26 

30 

34 

38 

42 

46 

50 

54 

58 

62 

66 

70 

74 

78 

82 

86 

90 

94 

98 

U2 

U6 


3 
7 
11 
15 
19 

23 
27 
31 
35 
39 
43 
47 
51 
55 
59 
63 
67 
71 
75 

79 
83 
87 
91 
95 
99 
U3 


L 


P 


T 

or 

Lk 


N 


C 


s 


D 


BP 


NOTES 


30 




1 


030 





28 


31 




Test Ready 


31 




33 


076 





06 


31 




Reverse Tape Search 


76 


•=- 


14 


020 


3 


00 


29 




-"1"-* AR 


20 




1 


020 





28 


31 




Test Ready 


21 




23 


038 





22 


31 




Test Sign 


38 




40 


076 





06 


31 




Reverse Tape Search 


39 




35 


040 





15 


31 




Read Tape 


40 




1 


040 





28 


31 




Test Ready 


41 




43 


047 





28 


28 




Do nothing 


47 


- 


86 


093 





00 


28 




N t - AR 


93 




1 


093 





28 


31 




Test Ready 


93 




1 


093 





28 


31 




(This is a repeat) 


94 




95 


017 





19 


00 




L19-* L0 




















80 




1 


080 





28 


31 




Test Ready 


81 


- 


107 


052 





28 


19 




AR- 19 - 107 




52 




54 


072 





09 


31 




Type 19 


055 




216 


112 


2 


33 


40 


- 




054 




216 


445 


5 


66 


70 






105 




216 


778 


8 


99 


00 




Test Type Out 


104 




216 


uuv 


V 


WW 


xO 


- 


numbers 


103 




216 


xxy 


y 


ZZ 


00 






102 




216 


002 


3 


45 


00 
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P.P.R. LANGUAGE 

Commands are ordinarily written by programmers in decimal notation rather 
than in hexadecimal as shown on drawing 5. A routine, such as the PROGRAM 
PREPARATION ROUTINE (P.P.R. ), will convert the decimally coded command into 
binary - using the G-15 to do the work. Decimal notation of a command in 
P.P.R. language is as follows: 

L (p) T N C S D (s) 

L - COMMAND LOCATION (2 digits: 00 - u7*). 

(p) - PREFIX - this is not required except as follows: 

a command with DESTINATION I 4 31 will be DEFERRED 

unless a prefix of "u" (for "urgent") makes it IMMEDIATE. 

a command with DESTINATION = 31 will be IMMEDIATE 
unless a prefix of "w" (for "wait") makes it DEFERRED. 

T - TIMING NUMBER (2 digits: 00 - w7*). 

N - NEXT COMMAND LOCATION (2 digits: 00 - u7*). 

C - "C" CODE (1 digit : - 7) - "C" CODES define both the CHARACTERISTIC 
and the SINGLE/DOUBLE PRECISION bit by considering the S/D bit as a 
2 bit applied the left of the CH bits, hence: 

C = - 3 means: CH = - 3, SINGLE PRECISION 
C = 4 - 7 means: CH = - 3, DOUBLE PRECISION 

(i.e. add 4 to the CHARACTERISTIC to denote DOUBLE PRECISION) 

S - SOURCE NUMBER (2 digits: 00 - 31). 

D - DESTINATION NUMBER (2 digits: 00 - 31). 

(s) - SUFFIX - A MINUS SIGN is applied as a suffix if a BREAK POINT is 
desired in a command. 

EXAMPLE: a command coded as u76 u5 5 13 26- is equivalent to: 

I/Tj = 0, T = 76, BP - 1, N = 105, CH = 1, S = 13, D = 26, s/d = 1. 



*N0TE: L, T, and N numbers higher than 99 are expressed by using 10 = u, 
11 = v, and 12 = w in the 10° digit position (e.g. 106 = u6) 
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FUNDAMENTAL OPERATIONS - BOOLEAN ALGEBRA 

The system of notation employed for describing the operation of the 
computer is variously called BOOLEAN ALGEBRA, the PROPOSITIONAL CALCULUS, or 
LOGICAL ALGEBRA. The basic symbols are letters that, in this case, are 
interpreted as signals which may have two values, HIGH and LOW. The 
basic connectives are "+" , ".", and " ", which approximate the usage of "or", 
"and", and "not" respectively, in ordinary language. The following tables, 
called TRUTH TABLES, explain the meaning attached to the connectives, where 
"1" indicates a high signal and "0" a low signal. 

"OR" "AND" "NOT" 



A 


B 


A+B 


A-B 


A 


1 


1 


1 


1 





1 





1 











1 


1 





1 














1 



In writing expressions, the following convention may be adopted to 
reduce the use of parenthesis: "•" binds two symbols more strongly than "+" . 
This, it will be seen, is the same convention adopted in the normal numerical 
algebra if "•" is treated as "x" (times) and "+" is treated as "+" (plus). 
For example, the algebraic expression (a x b) + (c x d) is written as 
a x b + c x d; similarly, the logical expression (A • B) + (C • D) is 
written as A • B + C • D. Again, fa + (b x c)J x d is written (a + b x c) x d 
and [a + (B • C)] • D is written (A + B • C) • D. 

Using the TRUTH TABLE given above, conditions under which 

a given combination of signals is high may be derived. For example, given 

the combination of signals 

D = A • B + (A+C) • (A+B) , 
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the following table lists the steps employed in deriving the conditions of 
A, B, and C under which D is high* Note that the first step is to write all 
possible combinations of the given terms, and that the number of these combi- 
nations is 2 n , where n is the number of different letters in the expression. 



ABC 


A-B 


A+C 


A+B 


(A+C) • (A+B) 


A-B+(A+C)-(A+B) 


111 


1 




1 


1 


1 


110 


1 




1 


1 


1 


10 1 







1 


1 


1 


10 







1 


1 


1 


Oil 
















10 

















1 





1 


1 


1 


1 











1 









In addition, to determine the conditions under which a given 
combination of signals is high, it is also desirable that the expression 
representing a given configuration of signals be in its simplest form. 
"Simplest" in this case is difficult to define in abstract generality; 
however, in any given instance the relative simplicity of two forms of 
a given expression is not difficult to determine. In order to manipulate 
logical expressions, the following rules are employed: 

Associativity (A • B) • C = A • (B • C) = A • B • C 

Distributivity A-(B+C)=A'B+A-C 

Commutivity A • B = B • A 
A + B = B + A 



DeMorgan's Law A + B = A • B 



B = A + B 



(a) 
(b) 
(a) 
(b) 
(a) 
(b) 



II 



III 
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IV 



B «(A + A)= B (a) 

B + A • A - B (b) 

A + A-B=A + B (a) 

A + A • B = A (b) 

A • A = A (a) 

A + A = A (b) J 

A - A VII 



VI 



Consider now the expression: C»B«A + C«B«A + C«B«A + C«B«A 
Applying rules 



Ilia C.B.A + C.B-A + C.B«A • C.B«A 

Illb C.B.A + CB.A+ (! + B + A)»(5+B + A) 

VII CB-A + CB.A + (C + B + A) • (C + B + A) 

lb C«B.A + C«B.A + CC + C-B + C»A + B.C + B«B + B«A + A«C + A«B + A«A 

Vla.b C.B.A + C«B.A + C + C-B + C«A + B + B»A + C«A + B«A + A«A 

IVb C«B.A + C.B.A + C + C«B + C«A + B + B«A + CA + B«A 

II C.B.A + C.B.A + C + C«B + B«A + B-A + C-A + C«A + B 

lb C«B.(A + A) + C + C«B + B«(A + A) + C • (A + A) + B 

IVa C-B + C + C.B + B + C + B 

VIb C.B + C + B 

V C + B 



therefore C'B«A + C'B'A + C»B.A + C«B«A = C + B 
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FUNDAMENTAL OPERATIONS - BINARY ARITHMETIC 



EXAMPLE OF BINARY NOTATION 

9 
118jg is a quantity expressed in decimal notation. It may also be 



expressed in terms of the following: 

'if 



118-i = 64 + 32 + 16 + 4 +2 + 1/2 + 1/16 



= 2 6 + 2 5 + 2 4 + 2 2 + 2 1 + 2" 1 + 2" 4 
The presence or absence of 2 1 in the quantity above may be expressed 

in terms of "0" and "1" multipliers as shown below. The BINARY POINT 
indicates the location of 2 . (This is a binary number.) 

2 n 2 8 +2 7 +2 6 +2 5 +2 4 +2 3 +2 2 +2 1 +2° +2 " 1 +2- 2+2 -3+2 -4+2 -5+2 -6. . . -2-n 

o-.-.o 1 1 1 1 1 0.1 1 0....0 
This may also be expressed in terms of an integral number: 

(01110110100i.)x2 -4 

- or a fractional number: 

(.01110 1101001)x2 8 

A 

- or in terms of groups of four binary digits: 

(0111.) x 2 4 (0110.) x 2° (1001.) x 2~ 4 

- which may be represented by hexadecimal digits (0 - z): 

7 x 16 1 6 x 16° 9 x 16" 1 

- abbreviated: 76.9ja 

- conclusion: decimal 118=-| = binary 1110110.1001 = hexadecimal 76.9 

16 

CONVERSION OF A BINARY NUMBER TO DECIMAL 
1110110.1001 = 2 6 + 2 5 + 2 4 + 2 2 + 2 1 + 2 _1 + 2" 4 



64 + 32 + 16+4 +2 + 1/2 + 1/16 = 118j| 
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CONVERSION OF A DECIMAL NUMBER TO BINARY 



U8 lf " ? 



118 
-64 


9/16 


54 
-32 


9/16 


22 
-16 


9/16 


6 

- 4 


9/16 


2 
- 2 


9/16 




9/16 
8/16 


_ 


1/16 

1/16 



% -l 



2 6 2 5 2 4 



2 2 2 1 



2 2" 

= 1110110.1001 
ADDITION IN BINARY 







INPUT 


OUTPUT 




AUGEND 


ADDEND 


CARRY 


CARRY 


SUM 


U 


D 


C 


C s 


A 























1 





1 





1 








1 





1 


1 


1 





1 











1 


1 





1 


1 





1 


1 





1 





1 


1 


1 


1 


1 



CAR. 
AUG. 
ADD. 
SUM. 



EXAMPLE: 

1 1 1 
10 1 
10 1 



1 0. 
1 1. 



1 1 1 1. 



= 22 
= 23 

= 45 



G-15D NUMBERS (28 binary digits and /sign) : 

EXAMPLE is decimal 118-2- = 

16 

.0111011010010000000000000000/0 x 2 8 =(.7690000 16 ) x 2 8 

or 
.1110110100100000000000000000/0 x 2 =(.yx20000 16 ) x 2 7 (NORMALIZED) 

or 
. 0000000000000000011101101001/0. x 2 24 =(.0000769 16 ) x 2 24 bit^l/ie^ 

or 
.1111111111111111100010010111/1 x 2 24 =(.zzzz897 16 ) x 2 24 (COMPLEMENTED) 
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INDEX OF FREQUENTLY-REFERRED-TO SIGNALS 



SIGNAL ORIGIN 



® 


G 


© 


G 


© 


G 


© 


G 


AC 


FF 


AR 


FF 


*AS 


FF 


AUTO 


G 



BP 



*C1 




FF 


*C2- 


•C6 


FF's 


*C7- 


•CV 


FF's 


*CX, 


CW 


FF's 


CC 




FF 


*CD' 


s 


FF's 


CE 




FF 


CE 




FF 


*CG 




FF 


*CH 




FF 


CZ 




FF 


CI 




BI 


CJ 




FF 


CM 




FF 


CN 




FF 


*CQ 




FF 


CS 




BI 



DESCRIPTION AND (REFERENCE DRAWING) 

CHAR. - 1 (23) 

CHAR. = 2 (23) 

CHAR. - 3 (23) 

CHAR. = (23) 

ACCUMULATOR REG. CARRY FF (27) 

ACCUMULATOR REG. READ FF; also abbrev. for reg. (27) 

AUTOMATIC/STANDARD FF (in AN models only) (67, 68) 

Enable for AUTOMATIC RELOAD circuit in the AN INPUT 
SYSTEM (= AS. SLOW -IN) (67) 



abbrev. for BREAK POINT (5, 30) 

(30) 



s/d STATIC FF 
DESTINATION STATIC FF's 
SOURCE STATIC FF's 
CHARACTERISTIC STATIC FF's 



* (neon indicator) 



COMMAND REG. CARRY FF (22, 27) 

COMMAND LINE designators (22) 

High during EVEN word times ( .-. 
High during ODD word times ^ ' 

"NEXT COMMAND FROM AR" control FF (22) 

START-STOP control FF's (30) 

COMMAND info, (not inverted) (22) 

FF controlling READ COMMAND signal (30) 

COMMAND REG. READ FF; also abbrev. for reg. (22, 27) 

NUMBER TRACK READ FF; also abbrev. for track (15, 57) 

TEST FF; when set, next comm. is read from WT » N+l (30) 

"VIA AR" CHARACTERISTIC (26) 
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D0-D7 


G's 


DU-DX 


G's 


(DA-1 




DS 


G 


® 


G 


EB 


G 


*F0 


FF 


HC 


G 


IB 


G 


IC 


FF 


ID 




*IP 


FF 


(IR 




IS 


FF 


"L" 




LB 


G 


MO-M23 


FF's 



DESTINATION designators (23) 

DIGITAL DIFFERENTIAL ANALYZER attachment) 

TRANSFER when DEST. is 31 (= TR»D7-DX) (23) 

selected TF pulse initiating INPUT CODE process (48, 68) 

abbrev. for EARLY BUS (26, 28) 

OVERFLOW FF (27) 

sync, signal from INPUt/oUTPUT media (47, 48, 52, 68, 69) 

abbrev. for INTERMEDIATE BUS (26) 

"when to invert" FF in INVERTING GATES (26) 

abbrev. for MULTIPLICAND-DENOMINATOR REG. (PJ is READ FF) 
(34, 36, 40) 

SIGN FF in INV. GATES (for two-word lines) (26, 34, 40) 

abbrev. for INPUT-OUTPUT REG. attachment output) 

"whether to complement" FF in INV. GATES (26) 

word -time LOCATION of a COMMAND (5, 20) 

abbrev. for LATE BUS (26) 

READING FF's of LINES 00-23 (also used as abbrev. for lines) 
(21) 

MQ abbrev. for MULTIPLIER -QUOTIENT REG. (PR is READ FF) 

(34, 36, 40) 

MZ FF LINE Z READ FF; also abbrev. for line (48, 52, 60, 68, 69) 

"N" COMMAND info.: location of NEXT COMMAND (5, 20) 

OA's FF's 4-bit reg. used in INPUT/OUTPUT precession activities 

(48, 52, 60, 68, 69) 
OB's FF's 5 FF's in INPUT/OUTPUT system - sometimes used as 5-bit reg. 

(48, 52, 60, 68, 69) 
*OC*s FF's 4-bit static reg. used to designate INPUT/OUTPUT operation 

(45, 67) 
OF's FF's FF's used for INPUT/OUTPUT control - sometimes as 3-bit reg. 

(48, 52, 60, 68, 69) 

0D,0E,0G,0H,0Y FF's used for INPUt/oUTPUT timing and control (OH in AN 
models only) (48, 52, 60, 67, 68, 69) 
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OS 


FF 


oz 


FF 


PM 


FF 


PN 





sign handling FF in INPUt/oUTPUT system (48, 52, 68, 69) 

FF high during WORD 00 (52, 69) 

monitors T29«CE (2 ) bit at MQ's writing ckt (36) 

abbrev. for PRODUCT -NUMERATOR REG. (PP is READ FF) 
(34, 36, 40) 

*READY G idle state of INPUT/OUTPUT system (= OCi-OC2-OC3 -004-00) 

(45, 67) 

abbrev. for READ COMMAND (state or signal) (30) 

(D during SLOW-IN operations (48, 68) 

SOURCE designators (23) 

<SA> SW signal high when ENABLE SWITCH is ON (43, 63, 75, 76, 81, 

83, 85, 86) 

"T" COMMAND info.: TIMING NUMBER (5, 19, 20) 

sign position of SINGLE PRECISION numbers (15) 

sign position of DOUBLE PRECISION numbers (Tl'CE) (15) 

T29 of word times congruent to 3 mod. 4 (15) 

sign position - occurs at Tl or TE depending on CI (S/D bit) (15) 

T29 of word 107 (ORIGIN PULSE) (15, 57) 

TIMING TRACK READ FF; also abbrev. for track (15) 

abbrev. for TRANSFER (state or signal) (30) 



RC 


G 


® 


G 


S0-S7 


G's 


SU-SX 


G's 



Tl 


FF 


TE 


FF 


TF 


G 


TS 


FF 


TO 


G 


TM 


FF 


TR 


G 
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